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RESERVOIR  CONTROL  CENTER 


1988  ANNUAL  REPORT 


SECTION  I  -  INTRODUCTION 


1.  PURPOSE  OF  REPORT .  This  report  presents  activities  and 
accomplishments  of  the  Southwestern  Division  (SWD)  as  related  tc 
reservoir  regulation  and  water  management  activities  throughout  FY 
1988.  Detailed  summaries  of  reservoir  conditions.  water  quality 
activities,  minutes  of  coordinating  committee  meetings  and  minutes 
of  the  1988  Annual  Reservoir  Control  Center  meeting  are  also 
included . 

This  report  is  prepared  in  conformance  with  ER  1110-2-1400. 
24  April  1970,  Reservoir  Control  Centers,  paragraph  12c. 

2.  REFERENCE .  Reservoir  Control  Center  fRCC)  -  SWD  Guidance 
Memorandum,  dated  June  1971,  approved  by  the  Chief  of  Engineers 
as  a  general  basis  for  the  RCC ’ s  activities. 

3.  OBJECTIVES  OF  THE  RESERVOIR  CONTROL  CENTER.  The  SWD  RCC  was 
established  in  1967  by  the  Chief  of  Engineers  to  improve  capabi¬ 
lities  of  the  Corps  of  Engineers  to  perform  its  civil  works 
mission  as  related  to  operation  of  reservoirs.  The  SWD  RCC 
carries  out  its  responsibilities  by: 

a.  Organizing  coordinating  committees  and/or  participating 
in  committees  to  accomplish  mutual  understanding  among  water 
interests  regarding  use  and  regulation  of  water  resources. 

b.  Providing  interbasin  coordination  of  day-to-day  regula¬ 
tion  needs  for  river  systems  for  all  purposes. 

c.  Surveillance  of  daily  operations  and  continuous  analysis 
of  Project  needs. 

d.  Furnishing  technical  assistance  to  personnel  of  District 
offices  in  related  efforts  to  improve  the  reliability  of 
regulations  and  hydrologic  determinations. 

e.  Pro.'ide  management  and  technical  guidance  for  the 

development  and  operation  of  the  Division-wide  dedicated  water 
control  data  system.  This  system  includes  the  equipment  and 
software  used  for  the  acquisition,  transmission  and  processing  of 
real-time  hydrologic  and  meteorological  data  for  the  purpose  of 
regulating  projects  for  which  the  Corps  of  Engineers  has 

responsibility . 
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SECTION  II  -  WATER  CONTE DL  ACTIVITIES  IN  SWL 


1.  RESERVOIR  REGULATION 

a.  Lake  Regulation  During  FY  Lake  regulation 

activities  for  Division  lakes  and  Section  7  lakes  during  FY  88  ore 
summarized  in  Section  VI  of  this  report.  Operational  daxa 
summaries  for  all  of  the  SWD  projects,  including  Section  7,  are 
shovm  in  tabular  form,  Section  ViT  An  index,  by  basin,  to  these 
tables  is  included  which  also  lists  pertinent  data  for  each 
project.  Also  included  is  a  listing  in  alphabetical  order  giving 
naunes  of  both  the  lake  and  dam  v^here  different. 

b.  System  Studies  -  FY  8^ 

(1;  Brazos  River  Super  Model  -  Fort  Worth  District 
Complete^  the  final  development  of  the  Brazes  River  hydrology  and 
system  model.  The  period  or  record  is  January  1940  threugi, 
December  1986.  Simulations  for  natural  and  existing  conditions 
were  run  to  verify  the  hydrology  and  model. 

(2)  White  River  Super  Model  -  Little  Rock  District 
Reservoir  Regulation  -  Thirteen  additional  simulations  were  made 
for  the  Little  Rock  Reservoir  Regulation  section  in  their  attempt 
to  develop  a  regulation  plan  to  enhance  farming  aloiig  the  White 
River . 

(3)  White  River  Super  Model  -  -Little  Rock  District 

Planning  -  The  White  River  hydrology  was  updated  through  1986  and 
the  natural  and  existing  conditions  were  run  to  verify  the 

hydrology.  The  Planning  study  is  a  navigation  study  or.  the  V’^hite 
River  system. 

(4)  Red  River  Super  Model  -  Tulsa  -  Data  for  the  Red 
River  update  was  collected  and  verified  during  the  latter  months 
of  this  FY.  This  model  wil  be  used  in  the  Texoma  restudy. 

(5)  Trinity  River  Super  Model  -  Fort  Worth  District 
Data  for  the  Trinity  River  update  was  collected  and  verified 
during  the  latter  months  of  this  FY.  This  model  will  be  used  for 
the  Trinity  river  Regulation  study. 

(6)  Arkansas  River  Feasibility  Study  -  Tulsa  and  Little 
Rock  Districts  -  The  hydrology  and  Modified  SUPER  (computer)  model 
for  the  Arkansas  River  Planning  Model  (contains  eleven  proposed 
reservoir  sites)  k<is  completed  in  FY  88.  The  period  of  record  is 
January  1940  through  December-  1986.  Natural  and  existing 
condition  runs  were  made  to  verify  the  hydrology  and  computer 
model.  The  economic  portion  of  the  model  was  also  updated. 

c.  Water  Control  Manuals .  A  summary  entitled  "Status  of 
Water  Control  Manuals  in  SWD"  is  included  in  Section  IV  of  this 
report.  The  summary  shows  the  status  and  completion  schedule 
through  FY  1991  for  manuals  and  plans  on  118  lakes  and  17  river 


systems  and  subsystems.  Also  shown  in  Section  IV  is  a  schedule 
for  completion  of  high  priority  water  control  manuals  for  FY  8& 
thru  FY  94.  At  the  end  of  FY  1988,  there  were  97  Corps  of 
Engineers  projects  (80  lakes  and  17  locks  and  dams)  and  19  Section 
7  lakes  in  operation  in  SWD. 

During  FY  1988,  the  SWD  Reservoir  Control  Center  received 
and  reviewed  five  water  control  manuals  that  were  submitted  by  the 
Districts.  The  schedule  for  FY  1989  includes  the  development  of 
four  new  manuals  and  the  revision  of  four  old  manuals. 

d.  DROUGHT  CONTINGENCY  PLANS.  A  letter  dated  8  June  1988 

Subject;  "Drought  Contingency  Plans  (DCP)"  renewed  efforts 
within  the  Southwestern  Division  for  the  development  of  DCP’s  and 
provided  additional  guidance  to  supplement  that  contained  in  ER- 
1110-2-1941.  This  letter  requested  that  DCP's  be  developed  for 
all  Corps  projects  with  controlled  reservoir  storage  and  that  the 
plans  should  only  address  temporary  project  modifications  to 
satisfy  short-term  needs  that  can  be  implemented  within  existing 
authorities.  During  FY  88  several  meetings  were  held  in  the  SWD 
office  with  District  personnel  to  develop  a  framework  for  DCP’s, 
submittal  schedules.  review  procedures,  funding,  etc.  It  was 
agreed  that  the  DCP’s  would  address  individual  projects.  However, 
they  would  be  developed  on  a  river  basin  or  sub-basin  concept  to 
include  like  projects.  Each  of  the  documented  DCP’s  will  become 
an  appendix  to  the  respective  river  basin  Master  Water  Control 
Manual.  A  total  of  23  DCP’s  will  be  developed  for  the  river 

basins  within  the  SWD.  These  plans  were  prioritized  and 
scheduled  for  completion  by  FY  91.  Table  IV  showing  the  river 
basin  and  projects  within  each  basin  is  included  in  Section  IV  of 
this  report.  The  table  also  shows  a  schedule  for  completion  of 
the  23  DCP’S.  During  FY  88  initial  drafts  of  the  six  first 
priority  basin  plans  were  submitted  for  review.  In  FY  89  11 

initial  drafts  are  scheduled  for  review  and  six  in  FY  90. 

e.  Section  7  Project  Regulation .  Within  SWD  there  are  19 

existing  Section  7  reservoirs  owned  and  operated  by  other 

agencies.  The  Bureau  of  Reclamation’s  Brantley  Dam  located  on 
Pecos  River  began  deliberate  impoundment  on  28  August  1988.  The 
flood  control  storage  contained  in  these  projects  are  regulated  by 
the  Corps  in  accordance  with  Section  7  of  the  Flood  Control  Act  of 
1944.  The  Districts  are  continuing  their  efforts  to  bring  the 
manuals  and  regulation  plans  into  compliance  with  requirements 
contained  in  paragraph  208.11,  Part  208  Flood  Control  Regulations, 
Chapter  11,  Title  33  of  the  Code  of  Federal  Regulations  (41  FR 

20401,  May  18.  1976).  Due  to  the  varied  approaches  between  the 

Districts  on  real  time  regulation  for  Section  7  projects,  SWDC 
issued  a  policy  letter  on  21  March  1983.  The  purpose  of  the 
letter  was  to  supersede  previous  SWDO  guidance  and  to  provide 
current  policies  on  Section  7  projects.  This  letter  and 
subsequent  letters  have  been  issued  to  the  Districts  requiring 
that  policy  on  Section  7  projects  be  coordinated  with  project 
owners  and  that  finalizing  of  water  control  manuals  for  existing 
projects  should  be  expedited. 
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2.  SOUTHWESTERN  DIVISION  WATER  QUALITY  PROGRAM  AND  ACTIVITIES^ 

a.  Responsibilities .  The  Water  Management  Branch  is  assigned 
the  responsibilities  to  coordinate  and  direct  activities  in  SWI  in 
the  water  quality  field.  This  provides  for  water  quality 
objectives  being  included  as  an  effective  part  of  cur  total  water 
management  program.  Specific  activities  in  the  water  quaxit.v 
program  are  as  follows: 

(1)  Conduct  technical  studies  and  provide  guidance  on 
water  quality  control. 

(2)  Review  and  provide  technical  assistance  in  programs 
for  predicting  the  natural  and  modified  water  quality  in 
impoundments,  rivers,  coastal  areas,  and  estuaries  for  project 
planning,  design,  and  regulation  activities. 

(3)  Review  and  provide  technical  assistance  on  project 
design  and  reservoir  regulation  studies  in  connection  with  water 
quality  control  performed  within  the  Division,  including  multiple 
level  outlet  facilities,  reservoir  simulation  studies,  reregula¬ 
tion  structures,  and  release  reoxygenation  systems. 

(4)  Provide  coordination  support  in  interagency  liaison  as 
related  to  water  quality  control  through  reservoir  regulation, 
including  formulation  of  operating  plans  and  cooperative  data 
collection  programs, 

(5)  Coordinate  with  Planning  and  Construction-Operations. 
Divisions,  and  the  Districts  on  SWD  water  quality  investigation 
programs . 

(6)  In  coordination  with  the  Geotechnical  and  Materials 
Branch,  manage  the  water  quality  investigation  activities  of  the 
Division  laboratory. 

(7)  Responsible  for  technical  engineering  solutions  to 
water  quality  problems  in  existing  projects:  reviewing, 
coordinating,  and  acting  as  consultants  to  other  engineering  and 
planning  elements  in  the  Division  office  and  District  offices. 

(8)  Coordination  of  Division  actions  required  by  ER  1130- 
2-334  for  reporting  of  water  quality  management  of  Corps  projects. 

b.  ORGANIZATION. 

(1)  Division.  Water  quality  activities  in  SWD  are 
coordinated  within  the  Water  Management  Branch.  These  duties 
require  the  part-time  efforts  of  two  engineers  in  Water  Management 
Branch,  one  biologist  in  Construction-Operations  and  a  fisheries 
biologist  in  Planning  Division.  Mr.  Charles  Sullivan,  Chief, 
RCC,  is  the  SWD  member  on  the  HQUSACE  Committee  on  Water  Quality. 

(2)  Districts .  The  organizations  for  water  quality 
management  vary  within  the  Districts.  Water  quality  associated 
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with  planning  and  design  of  the  projects  is  coordinated  by 
organizational  elements  within  the  Engineering  or  Planning 
Divisions  in  all  of  the  districts.  Monitoring  and  reporting 
specifically  required  by  ER  1130-2-334  and  that  required  for 
dredging  and  other  construction  activities  are  done  by  the 
Construction,  Operations,  Engineering  or  Planning  Divisions  in  the 
various  districts  depending  on  their  capabilities. 

(3)  Laboratory .  The  Division  laboratory  is  staffed  and 
equipped  to  conduct  water  quality  testing  required  by  the 
Districts  for  use  in  planning,  design,  construction,  and  operation 
of  the  projects.  However,  because  of  location,  costs  and  other 
factors  most  water  quality  testing  is  contracted  with  private 
laboratories  by  the  Districts. 

c.  Special  Activities  in  FY  88 . 

(1)  Specific  Project  Problems .  Water  Quality  related 
problems  and  activities  at  individual  projects  are  discussed  in 
the  District  reports.  Other  items  in  this  section  are  highlights 
of  activities. 

(2)  Water  Quality  Management  Reports .  Water  quality 
management  reports  were  completed  for  one  additional  projects  in 
FY  88.  Water  quality  management  reports  are  now  available  on  16 
SWD  projects.  Most  of  these  reports  are  for  Fort  Worth  District 
projects . 

(3',  Baseline  Data .  Baseline  data  acquisition  was 
initiated  at  one  additional  SWD  reservoir  project  in  FY  88.  As  of 
the  end  of  the  year  base  line  data  has  been  obtained  at  over  40 
reservoirs.  Our  goal  in  this  program  is  to  develop  a  water 
quality  data  base  for  all  SWD  reservoir  projects. 

( 4 )  Canyon  Lake  Non-Federal  Hydropower  Development .  The 
Waterways  Experiment  Station  (WES)  selected  Canyon  Lake  as  a 
research  field  site  for  developing  techniques  to  evaluate  the 
impacts  associated  with  installation  of  hydropower  at  Corps  dams. 
An  intensive  water  quality  data  collection  program  was  initiated 
in  the  summer  of  1988  to  determine  base  (prior  to  power-on- line ) 
conditions.  The  study  will  continue  through  the  summer  of  1989  to 
determine  post  (after  power-on-line)  conditions. 

(5)  Table  Rock  Dissolved  Oxygen .  WES  physical  and 
mathematical  model  studies  have  determined  that  retrofitting  the 
structure  with  selective  withdrawal  facilities  will  not  solve  the 
dissolved  oxygen  problem.  Little  Rock  District  is  awaiting  the 
WES  report  before  proceeding.  Model  results  were  discussed  with 
Missouri  State  representatives  in  Sept.  1988. 

(6)  Abiquiu  Lake  Waste  Material  Problems .  Several 
problems  were  encountered  as  the  result  of  construction  activities 
last  year.  Sediment  and  turbidity  increased  due  to  placement  of 
spoil  material  downstream  from  Abiquiu  Dam  next  to  the  Rio  Chama 
channel.  The  spoil  area  is  being  cut  back  and  vegetated  to  reduce 
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the  erosion.  Construction  and  office  trash  was  found  on  the  same 
spoil  site.  Albuquerque  District  removed  the  material  and  took 
two  series  of  soil  and  water  samples  to  alleviate  concerns. 

d.  Long-Term  Goals .  The  following  are  presently  considered 
as  long-term  continuous  goals  of  this  Division,  and  consequently 
the  Water  Management  Branch,  in  the  water  quality  field. 

(1)  To  obtain  sufficient  water  quality  information  from 
all  of  our  projects  to  determine  whether  all  state  standards  and 
environmental  objectives  can  be  met  without  adverse  impact  on 
authorized  uses. 

(2)  To  promote  the  organization  of  effective  water  quality 
elements  in  the  Division  and  Districts  to  obtain  the  maximum 
coordination  for  handling  all  water  quality  matters  in  the 
Division . 

(3)  To  provide  helpful  and  thorough  guidance  ^o  the 
Districts  on  water  quality  matters. 

e.  Immediate  Goals .  The  following  actions  have  been 
scheduled  for  accompl is}iment  in  the  near  future; 

(1)  Continue  the  present  intensive  monitoring  program 
for  SWD  reservoirs.  This  ongoing  program  will  be  continued  until 
base  line  data  are  available  for  all  SWD  reservoirs. 

(2)  Review  the  basic  water  quality,  monitoring  program. 

3.  SWD  SEDIMENT  PROGRAM  AND  ACTIVITIES.  Sediment  activities  for 
the  year  included  a  field  survey  for  one  reservoir  sedimentation 
resurvey.  None  of  the  sediment  ranges  along  the  McClellan-Kerr 
Arkansas  River  Navigation  Project  were  resurveyed  in  FY88.  Due 
to  the  funding  priorities  assigned  to  reservoir  sedimentation 
resurveys,  it’s  almost  impossible  to  receive  funding.  Several 
water  contracting  entities  have  expressed  an  interest  in  obtaining 
resurveys  to  determine  the  depletion  rates  on  their  resource  but 
we  have  been  unable  to  obtain  the  necessary  funding. 

4.  DATA  COLLECTION  AND  MANAGEMENT . 


a.  Stream  Gaging  Program .  The  reporting  and  measurement  of 
flow,  water  quality  and  sediment  data  are  required  for  regulation, 
investigation  and  design  of  water  resources  projects.  Most  of 
these  data  are  obtained  through  a  Cooperative  Steam  Gaging  program 
between  the  Corps  and  the  U.S.  Geological  Survey  (USGS).  During 
FY  1988  the  SWD-USGS  cooperative  program  contained  445  surface 
water  stations,  46  water  quality  stations,  and  57  suspended 
sediment  stations.  An  additional  66  stations  were  operated 
independently  by  the  District  Corps  offices.  In  FY  88,  the  total 
cost  of  the  SWD  program  was  $3.0  million  with  $2.4  million  being 
transferred  to  the  USGS.  The  following  tabulation  shows  a 
breakdown  of  the  program  by  class  of  funds  used  to  finance  the 
program. 
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Class  of  Funds 


C  of  E  Cost 

$1.0001 


Survey  Investigation 

2C 

General  Coverage 

56 

Planning 

0 

Operation  &  Maintenance 

2,403 

New  Work  &  Construction 

TOTAL : 

2,487 

b.  Cooperative  Reporting  Networks .  The  National  Weather 
Service  (NWS)  and  the  Corps  of  Engineers  began  their  51st  year  of 
cooperation  in  establishing  and  operating  networks  of  river  and/or 
rainfall  reporting  stations.  Reports  from  these  stations 
supplement  those  stations  that  are  maintained  by  the  NWS  which  are 
made  available  to  the  Corps  of  Engineers  for  flood  control 
operations  and  flood  forecasting.  Data  from  these  networks  are 
transmitted  to  the  Corps  of  Engineers  District  and  Division 
offices  via  telephone  and  computer  interface  from  the  NWS 
collection  office.  A  direct  interface  between  the  NWS  S/140 
computers  located  in  the  Fort  Worth,  Texas  and  Tulsa,  Oklahoma  NWS 
River  Forecast  Centers  and  the  Corps  Water  Control  Data  System 
(WCDS)  Harris  carries  hydrological  reports,  and  other  data 
essential  to  our  water  control  management  functions.  These  data 
include  detailed  precipitation  reports,  river  stage  information, 
warnings,  descriptions  of  severe  storms  and  floods,  and  river 
forecasts  developed  by  the  NWS.  SWDO  has  obtained  a  small  computer 
which  dial  NWS  radar  sites  for  current  radar  images  which  can  be 
stored  for  later  viewing. 

The  estimated  FY  1988  cost  for  SWD  responsibilities  in 
supporting  482  rainfall  stations  in  the  NWS  Cooperative  Reporting 
Networks  was  $246,939. 

c.  Water  Control  Data  System.  The  "Water  Control  Data 
System  Master  Plan"  for  SWD,  dated  April  1979  was  approved  by  the 
Office,  Chief  of  Engineers  in  June  1979  for  funding  and  detailed 
design.  A  "Water  Control  Data  System  Software  Manual,"  dated 
February  1983  was  developed  as  the  system  software  design 
document . 

(1)  Communication .  The  Data  Collection  Platforms  DCP’s 
transmit  the  remote  gaging  station  data  over  the  Geostationary 
Orbiting  Environmental  Satellite  (GOES)  System.  Communication 
between  the  District  and  Division  data  processing  units  is  via  the 
Division  wide  data  communications  network.  A  ground  Receive 
Station  (GRS)  is  located  at  Fort  Worth,  Texas,  for  receipt  of  the 
GOES  transmission.  The  SWD  system  was  installed  at  the  Federal 
Center  in  Fort  Worth,  Texas,  in  September  1983.  This  is  a 
Synergetics  Model  IOC  direct  Readout  Ground  Receive  Station 
equipped  with  2  antennas  (one  for  GOES  east  and  one  for  GOES 
west).  Both  dial-up  and  direct  line  access  is  provided  between 
the  GRS  and  the  WCDS  computers.  Transfer  of  National  Weather 
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Service  (NWS)  Automated  Field  Office  Service  (AFOS)  data  betwee-. 
the  Corps  and  National  Weather  Service  River  Forecast  Center 
computers  is  on  a  continuous  basis  via  direct  lines. 

(2)  Data  Acquisition  and  Analysis .  In  June  1982,  the  RCC 
began  using  the  Water  Control  Data  System  (Harris  Computer) 
located  in  the  Southwestern  Division  office,  for  computations  that 
are  necessary  in  the  RCC’s  daily  water  control  activities.  Harris 
minicomputers  were  installed  in  the  SWDO,  Tulsa  District,  Fort 
Worth  District,  and  Little  Rock  District  offices  as  a  part  of  the 
division  wide  Water  Control  Data  System.  The  Albuquerque  and 
Galveston  Districts  operate  remotely  from  the  computer  located  in 
SWDO.  During  FY  85  (as  part  of  a  Corps  wide  procurement  contract) 
the  original  H-lOO  and  H-500  computers  were  replaced  by  Harris 
1000  computers  at  each  of  the  four  sites.  The  hardware  at  each 
site  is  compatible  in  order  to  allow  the  use  of  common  software 
and  data  exchange  between  offices.  A  division  wide  data  base  is 
maintained  on  the  SWDO  machine  and  the  other  sites  maintain  a  data 
base  applicable  to  the  site.  The  data  bases  at  each  District 
office  are  available  to  the  Division  office.  The  current  data 
base  uses  the  "TOTAL"  data  base  management  system  and  the  SHEF 
code  for  data  exchange  with  the  National  Weather  Service.  During 
FY  88  work  continued  on  software  development  for  analysis  and 
display  of  the  data. 

(3)  Data  Display  and  Distribution .  Data  is  displayed  in 
individual  offices  with  color  graphic  CRT’s,  PC’s,  plotters,  and 
printers.  Graphic  applications  programs  utilise  "TEMPLATE" 
Software  which  is  licensed  by  Megatek  Corporation.  Provisions  are 
made  to  exchange  data  with  other  water  management  cooperators. 
Examples  of  cooperative  data  exchange  requirements  are  the  Office 
of  Chief  Engineers,  Lower  Mississippi  Valley  Division  (LMVD), 
National  Weather  Service,  Southwestern  Power  Administration 
(SWPA),  state  and  local  river  authorities  or  agencies.  During  the 
past  year  several  routines  were  developed  for  the  display  of 
information  in  a  graphical  format.  There  also  have  been  several 
routines  developed  for  display  of  current  project  data  and 
reports . 

d.  Cooperative  Data  Base  and  Forecasting  Activity .  The  RCC 
continues  to  participate  in  and  encourage  the  advancement  of 
programs  for  automated  data  collection  and  interagency  cooperation 
in  forecasting  activity  and  data  base  utilization.  Currently,  SWD 
maintains  a  data  base  on  the  WCDS  for  Daily  Generation  reports, 
and  daily  River  Reports.  These  data  bases  are  updated  daily  and 
the  data  are  maintained  until  the  end  of  the  month  then  used  for 
monthly  summaries.  These  data,  with  several  District  auxiliary 
programs  and  data  bases,  have  been  used  to  make  forecasts  and 
reports  available  for  exchange  as  needed  between  the  Districts  and 
SWDO.  In  addition,  the  data  are  made  available  to  other  users 
which  have  a  need  to  be  aware  of  the  water  control  activities. 
Several  users  have  participated  in  using  the  USGS  WATSTORE  data 
bank  for  storing  and  retrieving  data. 

e.  Continuity  of  Operations  Flan  ( COOP ) .  During  the  past 
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year  a  draft  COOP  for  the  Southwestern  Division  Water  Control  Data 
System  has  been  developed.  This  plan  outlines  procedures  for 
providing  back  up  capability  in  the  event  of  a  equipment  failure 
at  any  one  site  in  the  SWD  WCDS.  Plans  are  to  test  and  finalize 
the  COOP  during  FY  89. 

5.  COORDINATION  WITH  WATER  MANAGEMENT  INTERESTS. 

a.  General .  The  benefits  deriving  from  personal  contact 
with  other  persons  associated  with  water  management  activities  are 
well  recognized  by  the  RCC.  For  this  reason,  special  emphasis  has 
been  placed  on  maintaining  this  personal  contact  through  meetings 
and  workshops  sponsored  by  the  Districts  and  the  RCC  with  the 
marketing  agency,  project  personnel,  river  basin  authorities, 
other  Divisions,  the  Chief’s  office  and  others. 

(1)  The  Hydrologic  Engineering  Section  and  the 
Hydraulics  Section  (other  sections  in  the  Water  Management 
Branch)  furnish  support  to  the  RCC.  The  Hydrologic  Engineering 
Section  conducts  systems  studies  of  Reservoir  Regulation  and  the 
Hydraulics  Section  reviews  studies  on  sediment  and  water  quality 
activities . 

(2)  A  meeting  of  lake  regulation  personnel  of  each  of  the 
Districts  and  the  RCC  is  held  annually  at  the  Division  Reservoir 
Control  Center  for  the  purpose  of  discussing  timely  topics  and 
exchanging  information.  Periodically  the  Hydrologic  Engineering 
and  the  Hydraulics  Sections  will  hold  joint  meetings  with  the  RCC. 
The  minutes  of  the  16  and  17  November  1988  meeting  are  included  in 
Section  VIII. 

b.  Agency  Coordination . 

(1)  Arkansas  River  Basin  Coordinating  Committee .  After 
being  inactive  since  the  30  April  1982  meeting  in  Little  Rock, 
Arkansas  the  committee  was  reestablished  in  connection  with  the 
notification  of  adoption  of  the  "1986  Arkansas  River  Water  Control 
System  Operation  Plan."  The  notification  for  the  plan  was  issued 
on  17  June  1986  with  the  plan  becoming  effective  on  1  July  1986. 
The  second  meeting  of  the  reestablished  committee  was  held  in 
Dallas  on  6  June  1988.  At  this  meeting  it  was  agreed  to  hold 
another  meeting  in  the  Spring  of  1989.  The  minutes  of  the  meeting 
are  included  in  section  VIII. 


MEETINGS  OF  THE  REESTABLISHED 
ARKANSAS  COORDINATING  COMMITTEE 


Meeting 

Date 

1 

28 

Jan 

1987 

2 

6 

Jun 

1988 

( 2 )  Cooperation  with  Low^  Mississippi  Valiev  Division . 
The  SWD  RCC  continues  its  cooperation  with  LMVD  and  provides 
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observed,  as  well  as  forecasted  data,  that  are  significant  to  the 
water  management  activities  in  LMVD. 


( 3 )  Cooperation  with  S out hwe stern  Power  Administration . 

The  SWPA  is  an  agency  of  the  United  States,  established  in  tiie 
Department  of  Energy,  to  execute  the  purposes  of  the  Flood  Control 
Act  of  1944  with  respect  to  the  disposition  of  the  electric  power 
and  energy  made  available  from  the  reservoir  projects  under 
control  of  the  Department  of  the  Army  in  the  area  comprising  all 
of  Arkansas  and  Louisiana  and  portions  of  Missouri,  Kansas,  Texas, 
and  Oklahoma.  The  scheduling  of  releases  for  hydropower 
production  from  the  17  Corps  of  Engineers  projects  within  SWD  has 
a  significant  effect  on  the  overall  water  management  activities  in 
the  Division.  Therefore,  close  cooperation  and  continuous 

communication  between  the  Corps  and  SWPA  are  mandatory.  A 
Memorandum  of  Understanding  was  signed  by  the  SWPA  and  the  Corps 
of  Engineers  in  1980.  SWPA  and  SWD  have  proceeded  to  develop  a 
draft  detail  Operating  Arrangement  to  assist  in  the  operations  of 
hydropower  projects  within  SWD.  SWD  has  formally  informed  the 
SWPA  that  the  draft  document  would  be  its  policy  for  coordinating 
operations  with  them  until  such  time  that  both  agencies  have 
signed  the  arrangement.  Specific  activities  included  in  the 
Operating  Arrangement  for  cooperation  between  SWPA  and  RCC  are 
monthly  scheduling  of  power  production,  preparation  of  data  for 
reports  to  the  Federal  Energy  Regulatory  Commission  (FERC),  and 
daily  coordination  of  routine  data  on  current  conditions,  inflow 
forecasts,  and  release  schedules.  The  RCC  has  taken  every 
opportunity  to  improve  and  strengthen  relations  with  SWPA  through 
correspondence,  regularly  scheduled  and  special  meetings, 
providing  access  to  our  time-share  systems,  and  by  special 
studies  aimed  at  improving  energy  production  and  scheduling  at  SWD 
power  projects. 

(4)  National  Weather  Service .  A  NWS  Interagency  Support 

Agreement  was  signed  by  General  Lee  on  17  July  1988  for 

hydrometeorological  services  for  the  Southwestern  Division.  The 
agreement  provides  that  a  full  time  NWS  employee  will  be  assigned 
to  the  Reservoir  Control  Center.  NWS  expects  to  fill  this  position 
by  January  1989.  Also,  during  the  past  year,  meetings  between  the 
Corps  and  NWS  were  held  to  refine  procedures  for  computer  to 
computer  exchange  of  hydrometeorological  data.  Meetings  were  also 
held  to  improve  coordinated  snow  runoff  forecasts.  AFOS  products 
are  being  furnished  from  the  NWS  S/140  computers  to  the  CE  H-1000 
computers  on  a  continuous  basis  via  direct  line  between  these 
machines.  The  Ft.  Worth  NWS  in  cooperation  with  SWD  and  HEC 

developed  software  which  allows  the  transmission  of  the  AFOS 
Graphics  products  to  the  Corps  through  the  VUENWS  Program. 
Efforts  are  continuing  to  develop  the  software  required  to  allow 
the  direct  transmission  of  CE  products  to  the  NWS  AFOS  system. 
This  would  also  be  by  the  direct  line  link  between  the  NWS  and  CE 
computers . 

( 5 )  General  Accounting  Office  ( GAO ) .  The  SWD  RCC  has 
continued  to  cooperate  with  GAO  in  their  investigation  of  the 
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forecasting  and  regulation  activities  which  were  associated  with 
the  October  1986  flood  in  Oklahoma.  This  review  was  initiated 
during  the  latter  stages  of  the  flood  event  and  has  continued 
through  the  current  FY.  We  have  furnished  GAO  documentation  on 
project  plans  of  regulations,  weather  data,  stream  flow  data,  lake 
data,  etc.,  which  was  available  during  the  flood.  The  assembly  of 
this  information  has  involved  numerous  man-hours  of  effort  during 
1987-88.  GAO  completed  an  interim  report  in  1987  and  a  final 

report  was  made  in  1988.  In  general,  the  reports  supported  SWD 

operation  of  the  Arkansas  River  Basin  Project  during  the  Oct  1986 

flood.  However,  a  legal  opinion  provided  by  GAO  Counsel, 

questioned  the  Corps’  authority  to  operate  those  projects  in  the 
Arkansas  Basin  for  the  benefit  of  navigation  if  the  project  had 
not  specifically  been  authorized  for  navigation.  Corps  Counsel 
reviewed  this  finding  by  GAO,  and  supported  SWD  authority  to  use 
projects  in  the  Arkansas  Basin  to  support  navigation. 
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Section  III  -  FACILITIES  AND  PERSONNEL 


SECTION  III  z  FACILITIES  AND  PERSONNEL 
1 •  Facilities . 

a-  Office  Space .  SWDO  personnel  occupies  quarters  on  the 
third  floor  in  the  Sante  Fe  Building,  1114  Commerce  Street, 
Dallas.  Texas.  Space  occupied  by  the  RCC  includes  an  open-space 
working  area,  and  an  equipment  room. 

b.  Display  Facilities .  All  of  the  display  equipment  used 
for  conferences  and  for  briefings  of  higher  authorities  are 
located  in  the  Engineering  Division  conference  room.  This  room 
has  limited  space  and  equipment;  but,  it  does  include  chalkboards, 
white  metal  panel  adequate  for  use  of  markers,  portable 
projection  equipment,  a  projection  screen,  and  a  large  screen 
display  unit  driven  by  an  IBM-XT. 

c.  Communications  Equipment .  The  equipment  room  contains 
a  multiplexor,  two  dot-matrix  hard-copy  TTY  terminals,  one  letter 
quality  terminal,  a  tektronix  color  graphics  terminal  with 
plotter,  printer  and  digitizing  tablet,  IBM-AT  and  printer,  IBM-XT 
which  is  used  to  drive  the  large  screen  display,  Sony  color 
monitor  with  VTR  and  an  Alden  Color  Radar  system.  The  Sony  color 
monitor  is  used  to  monitor  and  record  weather  and  news  events  on 
the  Cable  News  Network,  Weather  Channel,  and  local  TV  stations. 
The  Alden  Color  Radar  system  is  used  to  monitor  and  record  radar 
images  from  National  Weather  Service  radars  within  SWD  and  along 
the  Gulf  Coast. 

2 .  Personnel . 

a.  Staff .  The  authorized  staff  of  the  RCC  consists  of  one 
supervisory  hydraulic  engineer,  two  hydraulic  engineers  and  one 
hydrologic  technician.  The  RCC  is  supported  in  technical  studies 
by  the  Hydrologic  Engineering  and  the  Hydraulics  Sections.  The 
current  organization  chart  for  the  SWD  Water  Management  Branch  is 
shown  in  figure  1. 

b.  Training .  The  RCC  periodically  assesses  the  traiiiing 
needs  of  its  personnel  and  schedules  that  training  which  is 
required  and  possible.  Training  for  the  past  year  included 
a  System  Analyst  course  for  the  Harris  H-1000  Water-Mini. 
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SECTION  V 


REGULATION  OF 


MULTI-PURPOSE  PROJECTS  WITH  HYDROPOWER 


SECTION  V 

HYDROPOWEP.  GENERATION  AT  SOPTHWESTERN  DIVISION  PROJECTf 

The  17  Hydropower  Projects  are  listed  in  Table  1.  Generation  by  project 
for  the  last  five  fiscal  years  are  shown  in  Table  2.  Also,  generation  by 
the  projects,  since  impoundment,  is  shown  on  thf;  following  graphs. 

TABLE  1 


Pro.iects 

Basin 

Stream 

No. 

Onits 

Total 

Capacity 

MW 

^  j  -  i  L* 

No. 

Beaver 

White 

White 

O 

c. 

112 

V-1 

Table  Rock 

White 

Wliite 

4 

200 

V-2 

Bull  Shoals 

White 

White 

8 

340 

v-n 

Norf ork 

White 

North  Fork 

2 

70 

V-4 

Greers  Ferry 

White 

Little  Red 

2 

90 

V-6 

Keystone 

Arkansas 

Arkansas 

2 

70 

V-6 

Ft.  Gibson 

Arkansas 

Grand 

4 

4.'} 

V-7 

Webbers  Fallas 

Arkansas 

Arkansas 

3 

60 

V-8 

Tenkiller  Ferry 

Arkansas 

Illinois 

2 

34 

V-9 

Euf aula 

Arkansas 

S.  Candian 

3 

90 

V  -10 

R.S.  Kerr 

Arkansas 

Arkansas 

4 

1  10 

V  -11 

Ozark-Jeta  Taylor 

Arkansas 

Arkansas 

f. 

lOf 

V-12 

Dardanelle 

Arkansas 

Arkansas 

4 

124 

V-1  3 

Denison 

Red 

Red 

2 

70 

V-14 

Broken  Bow 

Red 

Mountain  Fork 

c. 

100 

V  15 

Sam  Rayburn 

Neches 

Angelina 

C, 

62 

V-16 

Whitney 

Brazos 

Brazos 

2 

30 

V-  17 

TABLE  2 


Fiscal  Years 
(1 ,000  GWH) 


Pro.iects 

1984 

1985 

1986 

1987 

1988 

Beaver 

116.3 

222.5 

214 . 5 

155. 1 

192. 

Table  Rock 

471.2 

886.0 

645.9 

432.2 

636.3 

Bull  Shoals 

697.1 

1397.9 

875.0 

566.8 

897.7 

Norfork 

209.7 

396.1 

214.7 

126.5 

223.9 

Greers  Ferry 

158.3 

315.8 

148.9 

105.7 

201.8 

Keystone 

234 . 4 

306.5 

333.0 

500.9 

312.4 

Ft.  Gibson 

203.6 

321.8 

294.9 

286.7 

201.5 

Webbers  Falls 

190.3 

320.7 

350.9 

286.9 

197.8 

Tenkiller  Ferry 

78.3 

176.3 

174.1 

147.5 

134.7 

Euf aula 

195.1 

360.0 

336 . 1 

461.2 

282.4 

R.S.  Kerr 

526.5 

750.7 

725.8 

772.9 

536.3 

Ozark-Jeta  Taylor 

193.2 

437.1 

488.0 

341.1 

334 . 6 

Dardanelle 

595.8 

823.5 

799.6 

8.30 . 1 

600.6 

Denison 

198.9 

343.0 

294.5 

533.2 

291.3 

Broken  Bow 

139.5 

229.6 

147.4 

93.9 

142.4 

Sam  Rayburn 

125.3 

97.8 

105.6 

147.4 

112.4 

Whitney 

15.0 

57.1 

50.8 

109.9 

17.5 

V-1 
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SECTION  VI  -  DISTRICT  WATER  CONTROL  ACTIVITIES 


1.  PROJECT  VISITATION  BY  WATER  MANAGEMENT  PERSONNEL 

a.  ALBUQUERQUE  DISTRICT.  During  FY  88,  Abiquiu,  Brantley, 

Cochiti ,  Galisteo,  Jemez  Canyon,  Navajo,  Pueblo,  Santa  Rosa, 
Sumner,  Trinidad,  and  Two  Rivers  projects  were  visited  by 

Reservoir  Regulation  personnel. 

b.  FORT  WORTH  DISTRICT .  Seven  of  the  twenty-four  District 

reservoir  projects  were  visited  by  Water  Management  personnel 
during  Fiscal  Year  1988.  Canyon  and  Somerville  Lakes  were 
visited  in  October  1987,  Benbrook  Lake  was  visited  in  February 
1988,  Georgetown  and  Whitney  Dams  were  visited  in  April  1988,  Joe 
Pool  and  Waco  Lakes  were  visited  in  May  1988,  and  Canyon  Dam  was 
revisited  in  September  1988  for  inspection  of  non-federal 

hydropower  facilities.  Water  Control  Manuals,  flood  control  and 
emergency  operation  procedures,  gate  operations  and  calibration, 
potential  areas  of  flooding,  shoreline  and  downstream  erosion, 
impacts  of  project  operations,  and  the  Water  Control  Data  System 
data  collection  and  dissemination  were  discussed  with  project 
personnel  during  these  visits.  In  addition  the  impacts  of  non- 
Federal  hydropower  operation  were  discussed  with  the  Canyon  Dam 
personnel . 

c.  GALVESTON  DISTRICT .  On  7  October  1988,  Hydrology  and 
Hydraulics  personnel  visited  the  Addicks  Project  Office  to  discuss 
operational  procedures  and  interrogate  the  Alert  Base  Station  for 
dial-in  capability  problems  with  project  personnel. 

d.  LITTLE  ROCK  DISTRICT.  During  FY  88  nearly  all  reservoir 
control  section  personnel  were  able  to  visit  either  projects  or 
other  sites  involved  in  real  time  water  control  operations. 

The  Section  Chief  and  White  River  engineer  spent  two  days  at 
Clearwater  Lake  to  tour  the  project  and  train  Resident  Office 
personnel.  Appurtenant  structures  and  recreational  areas  were 
seen  as  well  as  several  downstream  sites  for  a  future  tailwater 
DCP.  Modifications  to  the  emergency  spillway  and  dam  were 
observed  while  under  construction  and  effects  on  project 
regulation  were  discussed.  Resident  Office  personnel  received 
training  in  basic  inflow  computations,  use  of  the  runoff  index  and 
shutdown  criteria. 

The  Section  Chief  and  two  other  reservoir  control  personnel 
viewed  the  low  stages  on  the  Mississippi  and  Arkansas  Rivers  this 
summer  by  helicopter.  The  flight  originated  in  Memphis,  Tennessee 
and  took  a  course  down  the  Mississippi  River  to  the  entrance 
channel  then  up  the  Arkansas  River.  Particular  attention  was  paid 
to  the  low  flow  conditions  and  navigability  in  the  entrance 
channel  and  the  Arkansas  River  downstream  of  Lock  and  Dam  2. 

Two  reservoir  control  personnel  accompanied  streamgaging 
personnel  on  a  trip  to  inspect  the  DCP  and  gaging  equipment  at  the 
mouth  of  the  White  River  (MW-5).  Access  to  the  gage  was  by  river 
and  necessitated  lockage  through  Locks  2  and  1.  The  gage  required 
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lowering  due  to  the  extremely  low  stages  on  the  river  this  summer. 

On  another  trip  with  streamgaging  personnel  the  Blue  Mountain 
project  regulator  was  able  to  observe  the  installation  of  conduit 
for  a  tailwater  gage,  tour  the  project,  meet  with  personnel  and 
observe  a  gate  change  while  in  the  gate  tower. 

The  Arkansas  River  engineer  also  spent  a  day  with  streamgaging 
personnel  at  the  Blue  Mountain  project.  This  trip  was  to  observe 
work  related  to  relocating  the  headwater  gage  during  a  summer 
fishery  drawdown  and  enabled  the  engineer  to  tour  the  project  as 
well.  The  Nimrod  project  was  visited  on  this  trip  also. 

On  a  trip  to  Bull  Shoals  dam  the  White  River  engineer  was  able 
to  observe  changing  river  conditions  immediately  downstream  from 
the  project  due  to  hydropower  releases.  Downstream  channel 
conditions  were  also  observed  at  the  confluence  with  the  Norfork 
River  and  at  Calico  Rock,  Arkansas. 


Lock  and  Dam  7  was  visited  twice  this  year  by  reservoir 
control  personnel.  One  visit  was  with  streamgaging  personnel  tc 
check  the  DCP  installation  and  enabled  the  Arkansas  River  engineer 
to  tour  the  control  room,  gate  structure  and  visit  with  personnel. 
The  other  visit  was  by  two  reservoir  control  personnel  to  observe 
the  lockage  of  military  equipment  enroute  from  Fort  Chaffee, 
Arkansas  to  Camp  Grayling,  Michigan. 


e.  TULSA  DISTRICT .  Twenty-three  project  sites  were  visited 
by  Reservoir  Control  Section  personnel  this  fiscal  year.  The 
projects  visited  and  purposes  for  the  visits  are  listed  in  the 
following  table. 

PROJECT  VISITATION 
DURING 

FISCAL  YEAR  1988 


PROJECT 
Altus 
Arcadia 
Big  Hill 
Broken  Bow 
Canton 


PURPOSE  OF  VISIT 

Scheduled  reservoir  control  visit 
Site  f auniliarization . 

Site  familiarization. 

Periodic  Inspection. 

Scheduled  reservoir  control  visit 


Council  Grove  Scheduled  reservoir  control  visit 

Denison  Periodic  Inspection. 
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El  Dorado 

Site  familiarisation 

Elk  City 

Site  familiarisation 

Fall  River 

Stilling  Basin  Inspection. 

Fort  Supply 

Scheduled 

reservoir 

control 

visit 

Foss 

Site  familiarization 

Great  Salt  Plains 

Scheduled 

reservoir 

control 

visit 

Hudson 

Scheduled 

reservoir 

control 

visit 

John  Redmond 

Scheduled 

reservoir 

control 

visit 

Kaw 

Scheduled 

reservoir 

control 

visit 

Marion 

Scheduled 

reservoir 

control 

visit 

Optima 

Scheduled 

reservoir 

control 

visit 

Pensacola 

Scheduled 

reservoir 

control 

visit 

Sanford 

Scheduled 

reservoir 

control 

visit 

Tom  Steed 

Scheduled 

reservoir 

control 

visit 

Toronto 

Site  familiarization. 

Webbers  Falls 

Site  familiarization. 

2.  SPECIAL  RESERVOIR  OPERATIONS. 

a.  ALBUQUERQUE  DISTRICT .  The  watersheds  within  Albuquerque 
District  received  well  below  normal  snowmelt  runoff  in  1986.  The 
Rio  Grande  Basin  observed  about  70  percent  of  normal.  This  ended 
a  six  year  stretch  of  above  normal  runoff  conditions. 

Between  Jan  88  and  31  Mar  88,  51,000  acre-feet  of  1987 
carryover  storage  were  released  from  Cochiti  Lake.  At  the  end  of 
Mar  88  there  were  approximately  73,000  acre-feet  of  carryover 
storage  remaining.  This  was  initially  due  to  delays  in  the 
rehabilitation  of  the  Rio  Grande  channel  below  El  Paso,  Texas, 
which  was  being  completed  by  the  International  Boundary  and  Water 
Commission  (IBWC).  Storage  was  transferred  from  Cochiti  to  the 
flood  control  pool  in  Caballo  Reservoir,  which  is  administered  by 
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IBWC,  while  the  channel  work  was  being  completed.  The  Bureau  of 
Reclamation,  who  is  the  project  owner  of  Caballo,  began  noticing 
increased  seepage  and  small  sand  boils  below  the  dam  in  early 
March.  They  requested  a  delay  in  the  Cochit i  evacuation 
concurrent  with  the  emergency  evacuation  of  48,000  acre-feet  of 
Caballo  storage.  The  remaining  Cochiti  storage,  along  with  some 
snowmelt  runoff  water,  was  completely  evacuated  by  15  Jun  88. 

Construction  of  the  Abiquiu  hydropower  project  continued  in 
1988.  The  conduit  was  closed  from  Dec  87  through  Feb  88  to  permit 
installation  of  a  steel  liner  in  the  conduit.  During  this  period, 
a  flow  of  50  cfs  was  pumped  over  the  dam  to  meet  downstream  needs. 
The  installation  of  the  plenum  chamber  will  start  in  mid  Nov  88 
and  continue  through  Feb  89. 

In  Nov  87,  Reservoir  Regulation  personnel  participated  with 
the  Bureau  of  Reclamation’s  testing  of  the  automatic  operation  of 
the  spillway  gates  at  Sumner  Dam.  The  spillway  gates  open 
automatically  when  the  flood  space  is  60  percent  utilized 
resulting  in  a  large  increase  in  the  release.  The  test  showed 
that  these  gates  open  very  rapidly  and,  therefore,  every  effort 
will  be  made  to  limit  the  pool  elevation  to  avoid  unregulated 
large  changes  in  release. 

On  6  Sep  88,  the  Bureau  of  Reclamation  began  tlie  initial 
filling  of  the  newly  completed  Brantley  Dam  and  Reservoir. 
Brantley  Dam  consists  of  a  central  concrete  gravity  section  with 
earth  sections  on  either  side  for  total  length  of  about  four 
miles.  Dam  safety  is  the  primary  project  purpose.  Dam  safety 
evaluations  for  McMillan  and  Avalon  Dams  on  the  Pecos  River 
revealed  inadequate  spillway  capacities  for  both.  The  old 
McMillan  Reservoir  is  contained  within  the  new  reservoir  area  of 
Brantley  and  the  dam  will  be  breached  in  1989.  Avalon  Dam  is 
below  Brantley  and  is  used  primarily  as  a  diversion  structure. 
Additional  benefits  from  Brantley  are  derived  from  irrigation, 
flood  control,  fish  and  wildlife  enhancement,  and  recreation. 
Initial  storage  allocations  are;  2,000  acre-feet  inactive,  40,000 
acre-feet  conservation,  189,700  acre-feet  flood  control,  617,800 
acre-feet  surcharge  and  116,800  acre-feet  sediment  space. 

In  1988  the  staff  of  the  Reservoir  Regulation  Group  initiated 
the  Rio  Grande  Reevaluation  study.  This  2-year  study,  as 
authorized  by  Congress,  directed  the  Corps  to  take  the  lead  in 
evaluating  the  operation  of  the  Federal  reservoirs  in  the  Rio 
Grande  Basin  above  Fort  Quitman,  Texas.  The  system  will  be 
studied  to  identify  opportunities  to  provide  flood  protection  and 
additional  beneficial  use  of  available  water.  A  status  report  was 
distributed  in  Sep  88  with  the  final  report  being  scheduled  for 
completion  in  FY  89. 

There  were  a  total  of  10  deviations  in  1988.  Aside  from  the 
major  ones  of  which  were  discussed  above,  minor  deviations 
assisted  construction  and  maintenance  activities,  movie  filming, 
and  fish  surveys. 


b.  FORT  WORTH  DISTRICT .  Fiscal  Year  1988  started  out  with 
most  lake  projects  in  very  good  condition.  By  mid  January  1986 
rainfall  had  caused  several  projects  to  enter  the  flood  pool. 
Fourteen  flood  control  projects  out  of  twenty-four  used  part  of 
their  flood  control  storage  at  least  once  during  the  year.  Heavy 
rainfall  in  the  Brazos  River  basin  caused  all  but  Georgetown  and 
Whitney  Lakes  to  go  into  the  flood  pool  at  least  twice.  There 
were  thirteen  requests  from  the  Fort  Worth  District  to  the 
Southwestern  Division  for  deviations  from  the  approved  project 
plans  of  Southwestern  regulation. 

By  mid-May  many  parts  of  the  State  of  Texas  were 
experiencing  well  below  normal  rainfall  and  the  beginning  of 
drought  conditions.  By  the  end  of  September  yearly  rainfall 
ranged  from  68%  of  normal  in  the  eastern  part  of  the  state  to  75% 
of  normal  in  the  panhandle  region.  According  to  the  Palmer 

Drought  Index  most  divisions  within  Texas  ranged  from  -2.0  to 
2.7.  Thus,  most  of  the  agricultural  area  of  the  state  was 
considered  to  be  in  a  moderate  drought.  Much  of  the  eastern  third 
of  Texas  was  gripped  in  a  drought  that  was  causing  barren 

pastures,  scarce  hay  supplies,  and  lowered  cash  crop  yields.  By 
the  end  of  September,  the  drought  had  crept  westward  to  affect  the 
south,  southwestern,  and  west  central  counties  of  the  state.  Soil 
moisture  conditions,  however,  were  still  reasonably  adequate  in 
far  west  Texas,  the  South  Plains,  the  Rolling  Plains,  and  the 
Panhandle . 

Due  to  the  perceived  drought  conditions  and  the 
prospect  of  the  drought  only  being  in  the  first  year  of  unknown 
length,  the  Fort  Worth  District  Water  Management  personnel 
undertook  the  task  of  preparing  Drought  Contingency  Plans.  After 
several  meetings  with  the  other  districts  in  the  Southwestern 
Division,  a  framework  for  the  plans  was  adopted.  The  plans  are 
being  prepared  by  basin  and/or  sub-basin.  The  Drought  Contingency 
Plans  for  the  Fort  Worth  District  river  basins  are  scheduled  to  be 
completed  by  the  end  of  1990. 

In  May  1988,  while  much  of  the  state  was  entering  a 
drought,  the  Brazos  River  Authority  was  requesting  large  releases 
from  Stillhouse  Hollow  Lake  in  order  to  prove  up  its  Water  Rights. 
A  heavy  local  rainfall  of  10+  inches  of  rain  above  Proctor 
Lake,  located  in  the  upper  Brazos  River  Basin,  caused  the  failure 
of  a  non-Corps  lake  and  the  water  level  at  Proctor  Lake  to  go  into 
the  flood  pool.  After  several  discussions  the  Brazos  River 
Authority  agreed  to  utilize  the  flood  waters  at  Proctor  Lake 
(rather  than  the  Stillhouse  Hollow  conservation  water)  to  meet 
downstream  water  needs.  This  arrangement  lasted  for 

approximately  4  weeks. 


In  mid-July  1988,  a  locally  heavy  thunderstorm  caused 
Canyon  Lake  to  go  into  the  flood  pool  by  9  percent.  Because  of 
the  perceived  drought  conditions  the  Fort  Worth  District  Water 


Management  personnel,  after  coordination  with  downstream 
interests,  requested  a  deviation  from  the  Plan  of  Regulation  so 
that  the  flood  waters  could  be  released  at  a  rate  that  could  be 
utilized  by  downstream  users  without  waste  for  the  next  month. 

( 2 )  Non-f ederal  Hydropower . 

On  18  November  1987  Canyon  Lake  had  been  lowered  8- 
feet  below  normal  by  the  Guadalupe  Blanco  River  Authority  and  the 
gates  were  closed.  At  this  time  construction  was  initiated  to 
reline  the  conduit  for  non-f ederal  hydropower  facilities.  Careful 
coordination  by  the  Water  Management  personnel  for  the  next  five 
months  of  closure  allowed  the  conduit  to  be  relined,  downstream 
slide  gates  with  headwall  to  be  installed,  and  takeout  section 
with  penstocks  to  be  constructed.  An  inspection  of  the  hydropower 
facilities  was  conducted  in  September  1988.  Pressurization 
testing  of  the  conduit  and  bypass  system  are  scheduled  for  October 
and  November  1988. 

Construction  of  non-federal  hydropower  facilities 
is  also  underway  at  Town  Bluff  Dam  on  the  Neches  River.  The 
projected  date  of  completion  of  construction  is  April  1989.  In 
addition  to  the  non-federal  hydropower  facilities  under 

construction  at  Canyon  and  Town  Bluff,  CESWF  is  also  reviewing 
applications  for  other  projects.  License  applications  are  under 
review  for  Lewisville,  Ray  Roberts,  Wright  Patman,  and  Lake  0’  the 
Pines.  Lewisville  is  the  most  advanced  with  the  City  of  Denton 
having  contracted  for  design,  specifications, 
and  plans, 

c.  GALVESTON  DISTRICT .  There  were  no  special  reservoir 
operations  during  FY  1988. 

d.  LITTLE  ROCK  DISTRICT.  During  FY  88  the  Little  Rock 
District  (LRD)  experienced  extremes  in  rainfall  and  project  inflow 
amounts.  The  water  year  was  characterized  by  above  average 
rainfall  amounts  in  the  early  winter  months  and  below  average 
amounts  during  most  of  the  summer  months  in  all  of  the  river 
basins  in  LRD. 

Special  operations  and  activities  related  to  water 
control  projects  are  summarized  as  follows: 

(a)  White  River  System 

(1)  In  December  1987  basin  rainfall  amounts  in 
excess  of  4  to  5.6  inches  above  normal  caused  pool  rises  in  the 
upper  White  River  basin  lakes  of  from  2  to  10  feet,  with  6  feet  at 
Greers  Ferry  and  up  to  22  feet  at  Clearwater  Lake.  Flood  pools 
were  evacuated  in  time  for  the  second  and  last  major  event  of  the 
water  year  in  late  March  and  early  April  of  1988.  Basin  rainfall 
amounts  of  from  2  to  3  inches  above  normal  during  this  time  period 
produced  pool  rises  of  from  1  to  4  feet  at  all  the  White  River 
lakes  and  16  feet  at  Clearwater  Lake.  All  flood  pools  in  the 
upper  White  River  basin  lakes  and  at  Greers  Ferry  were  evacuated 
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by  late  April  to  mid  May  and  have  remained  below  their  power  pools 
since . 


(2)  Beginning  on  1  May  a  deviation  was  put  into 
effect  to  assist  the  downstream  farmers  in  planting  and  harvesting 
in  the  lower  White  River  Valley.  This  deviation  reduced  the 
target  operating  stages  at  Newport  and  at  Georgetown  for  the  1988 
agricultural  season,  which  is  estimated  to  end  on  1  December  1988. 
This  deviation  had  no  substantial  effect  on  the  flood  control 
operations  in  the  White  River  basin. 

(3)  In  July  1988,  a  drawdown  at  Greers  Ferry  was 
initiated  at  the  request  of  the  Arkansas  Game  and  Fisli  Commission 
(AG&FC)  to  enhance  the  fisheries  of  the  lake.  Coordinated  with 
the  Southwestern  Power  Administration  (SWPA),  the  drawdown  was 
completed  in  mid  August  and  will  extend  into  FY  89  until  the 
"first  winter  freeze". 

(4)  There  were  seven  additional  deviations  in  the 
White  River  basin  during  FY  88.  Four  were  at  hydropower  projects 
and  involved  the  SWPA,  two  were  at  Clearwater  to  assist  the  AG&FC 
and  a  canoe  race,  and  tlie  other  at  Bull  Shoals  to  assist  in 
recovery  of  a  drowning  victim.  Other  special  operations  involved 
coordination  of  releases  at  Bull  Shoals  and  Norfork  for  two  canoe 
races  on  the  White  River. 

(b)  Little  River  System 

(1)  In  November  and  December  of  1987  the  Little 
River  system  also  experienced  basin  rainfall  amounts  above  normal. 
Approximately  5.5  inches  of  rainfall  above  normal  for  both  months 
produced  average  pool  rises  of  from  2  to  15  feet  with  the  largest 
rises  of  21  and  32  feet  occurring  at  DeQueen  and  Gillham  Lakes, 
respectively.  Other  minor  rises  occurred  in  January  and  February 
of  1988  but,  as  in  the  White  River  basin,  late  March  and  early 
April  brought  rainfall  amounts  of  5  to  6  inches  and  caused  pools 
to  rise  an  average  of  1  to  5  feet  at  all  the  lakes.  In  light  of 
the  drought  conditions  this  summer  the  basin  did  experience 
another  minor  rise  in  July  and  August. 

(2)  Drawdowns  for  the  Arkansas  Game  and  Fish 
Commission  (AG&FC)  to  enhance  fisheries  were  completed  at  DeQueen 
and  Millwood  Lakes  early  this  past  summer. 

(3)  There  were  eight  deviations  in  the  Little  River 
basin  during  FY  88.  Three  were  for  canoe  races,  four  for 
maintenance  to  boat  ramps  and  clearing  of  stumps  in  boating  lanes 
and  the  last  to  increase  minimum  releases  from  Gillham  Lake  to 
prevent  potential  damage  to  water  supply  intake  pumps  in  Millwood 
Lake . 


( c )  Arkansas  River  System 

(1)  Flows  on  the  Arkansas  River  were  well  above 
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normal  during  the  same  time  periods  that  other  basins  in  the 
Little  Rock  District  (LRD)  were  receiving  above  normal  basin 
rainfall  eonounts.  These  flows  were  more  of  a  result  from  rainfall 
that  occurred  in  the  Tulsa  District  (TD)  though.  The  flows  that 
were  experienced  during  December  through  January  and  March  through 
April  were  two  to  three  times  above  average.  The  trend  quickly 
came  to  an  end  as  rainfall  amounts  fell  to  2  to  5  inches  below 
monthly  normals  in  Arkansas  during  March  through  August  of  1988.  A 
navigation  emergency  was  declared  in  May  and  assistance  was 
received  from  the  upstream  TD  projects  for  a  short  time.  In 
addition  to  this  deviation  there  were  eight  other  deviations  to 
raise  pool  limits  to  assist  navigation  and  one  to  provide  farmers 
irrigation  water.  During  the  summer  months,  maintaining 

navigation  on  the  lower  portions  of  the  river  was  the  primary 
concern.  As  the  Mississippi  River  receded  to  a  record  low  at  the 
Mouth  of  the  White  River  (MW-5)  to  elevation  104.2  NGVD  in  early 
July  the  Corps  had  five  dredges  working  to  keep  the  entrance 
channel  navigable.  The  system  was  kept  open  for  all  but  two  days. 

(2)  At  Blue  Mountain  and  .Nimrod  Lakes  the 
rainfall  that  occurred  in  November  and  December  produced  pool 
rises  of  from  1  to  5  feet  with  maximum  rises  of  17  to  18  feet, 
respectively.  The  events  of  late  March  and  early  April  produced 
pool  rises  of  from  2  to  7  feet. 

(3)  Blue  Mountain  and  Nimrod  each  had  one 
deviation  during  FY  88.  The  deviation  at  Blue  Mountain  was  for  a 
drawdown  for  the  Arkansas  Game  and  Fish  Commission  (AG&FC)  to 
enhance  fisheries.  It  was  started  in  June  1988  and  completed  in 
November  1988.  The  deviation  at  Nimrod  was  to  provide  releases 
for  a  water  quality  study  that  the  Waterways  Experiment  Station 
(WES)  was  conducting. 

(2)  Studies,  reports  and  investigations  related  to  water 
control  projects  are  summarised  as  follows: 

( a )  The  Beaver  Dam  Safety  Assurance  Reconnaissance 

Report  published  in  1984  recommended  study  of  the  seepage  beneath 
Dike  1  which  has  existed  since  the  initial  pool  filling  operation 
in  1966.  Supplement  1  to  the  Reconnaissance  Report,  completed  in 
April  of  1986,  recommended  that  a  cutoff  wall  be  constructed 
through  Dike  1.  In  January  1986  a  deviation  established  the  top 
of  the  flood  control  pool  at  elevation  1128.0  NGVD  in  lieu  of 
1130.0  NGVD,  .with  the  stipulation  that  water  not  be  held  above 
1126.0  NGVD  in  excess  of  four  days,  to  alleviate  the  problem  and 
is  still  in  effect.  A  Request  for  Technical  Proposal  was  issued 
to  prospective  bidders  for  the  cutoff  wall  in  September  of  1988. 
LRD  plans  to  award  a  construction  contract  in  April  of  1989  with  a 
two  year  construction  period  anticipated.  Beaver  Dam  has  been 
rated  the  highest  priority  dam  safety  problem  in  SWD. 


(b)  White  River  Lakes  Regulation  Study.  During  the  early 
part  of  FY  88  refinements  were  made  to  the  candidate  plan  which 
was  then  again  presented  to  the  Resident  Engineers  for  comments 


regarding  the  plan’s  acceptability.  The  majority  of  the  comments 
received  dealt  with  the  effects  of  the  higher  summer  pool  stages 
during  the  recreation  season  caused  by  the  lower  summer  regulating 
stages.  An  on-board  review  was  also  held  in  February  1988  with 
these  and  additional  comments,  regarding  effects  on  hydropower 
production  and  flood  control  operations,  discussed.  Further 
production  runs  were  made  to  address  these  and  other  concerns.  To 
date,  a  plan  that  attempts  to  address  all  concerns  has  been 
produced  and  is  ready  for  presentation  at  the  District  level. 
Upon  completion  of  this  presentation  the  plan  will  be  ready  for 
Division  review. 

(c)  Table  Rock  Dissolved  Oxygen  Study .  The  modeling  of  a 
multilevel  intake  structure  was  completed  by  the  Waterways 
Experiment  Station  (WES)  in  April  1988.  Results  indicate  this 
structure  would  not  achieve  the  target  water  quality  desired. 
Therefore,  WES  has  suggested  a  hypolimnetic  oxygenation  (hyp-ox) 
system  be  installed  in  the  reservoir  as  a  possible  alternative 
measure  for  meeting  the  required  temperature  and  dissolved  oxygen 
(D.O.)  standards.  WES  is  currently  studying  the  hyp-ox 
alternative  alone  and  in  combination  with  other  alternatives  such 
as  penstock  oxygen  injection  and  turbine  venting  to  arrive  at  a 
solution  which  minimizes  total  costs  and  maximizes  D.O.  levels. 
Results  will  be  presented  in  a  report  expected  to  be  completed  by 
December  1988.  Funding  used  in  FY88  was  $50,000.  Funding  for 
FY89  is  $250,000. 

(d)  The  Clearwater  Lake  Spillway  Adequacy  Study  in  1978 
found  that  the  spillway  at  Clearwater  was  inadequate  to  pass  the 
maximum  probable  flood  as  it  was  defined  at  that  time.  Subsequent 
to  that  study  a  comprehensive  analysis  of  the  seepage  through  the 
left  abutment  was  completed  in  1981.  In  May  1986  a  revised 
Reconnaissance  Report  was  submitted  to  SWD  and  forwarded  to  OCE . 
The  report  recommended  that  the  seepage  be  corrected  using 
material  excavated  from  the  spillway  area,  thereby  enlarging  the 
spillway  at  the  same  time.  Also  recommended  was  the  addition  of  a 
parapet  wall  along  the  crest  of  the  dam.  The  seepage  correction 
and  the  parapet  wall  were  approved,  but  not  the  enlargement  of  the 
spillway  beyond  the  seepage  excavation  requirement.  Construction 
commenced  in  November  1986  and  is  approximately  60  percent 
complete  as  of  September  1988.  Construction  should  be  completed 
by  November  1989. 

(e)  Development  of  Norf ork  Unit  Number  3  -  The  Conway 
Corporation  of  Conway,  Arkansas  has  submitted  a  proposal  to  the 
Southwestern  Power  Administration  (SWPA)  to  become  the  sponsor  for 
Federal  construction  of  an  additional  unit  at  Norf ork  Dam.  If 
selected,  the  Conway  Corporation  will  provide  financing  for  the 
design,  construction  and  O&M&R  of  the  project  in  exchange  for  a 
power  allocation  from  SWPA.  The  Corps  will  be  responsible  for 
approving  and  performing  the  design,  construction  and  operation  of 
the  project. 

(f)  The  Arkansas  River  Basin  Study  is  a  general 
investigation  study.  The  cost-sharing  agreement  with  the  non- 
federal  sponsors  was  completed  in  July  1987.  The  navigation 
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portion  of  the  study  will  address  the  possible  need  for  additional 
system  storage  or  changes  in  system  operating  plans  to  reduce  the 
magnitude  and  duration  of  flows  which  hamper  navigation.  The  non¬ 
navigation  feasibility  studies  will  address  the  need  for  water 
supply,  flood  control,  recreation  and  fish  and  wildlife  in 
Oklahoma  and  Arkansas.  An  "Operational  Plan  Review  Status  Report" 
was  completed  in  March  1988  and  addressed  three  operating  plans. 
The  feasibility  report  is  scheduled  for  completion  in  September 
1990. 


(g)  The  Arkansas  River  Land  Impact  Study  was  initiated  as 
a  result  of  numerous  complaints  concerning  the  frequency  and 
duration  of  flooding  along  the  main  stem  of  the  Arkansas  River. 
The  study  objective  is  to  identify  any  lands  where  additional  real 
estate  acquisitions  are  required.  The  results  of  these 
investigations  will  be  reported  in  a  summary  letter  report  and 
also  in  a  Real  Estate  Design  Memorandum  Supplement  for  each  pool 
where  additional  real  estate  actions  are  required.  If,  for  a 
given  pool,  no  real  estate  action  is  required,  data  supporting 
this  finding  will  be  forwarded  for  review  in  the  form  of  a 
Hydrologic  and  Hydraulic  Report.  The  study  began  in  March  1986. 
The  letter  report  is  scheduled  to  be  completed  in  September  1989. 
The  Real  Estate  Design  Memorandum  Supplements  are  tentatively 
scheduled  to  be  completed  in  1991. 

( h )  The  Beaver  Lake  Water  Quality  Study  ( General 
Investigations  Survey )  is  a  one-year  comprehensive  study  whose 
purpose  is  to  identify  measures  to  preserve  and  enhance  the 
quality  of  the  reservoir’s  water.  The  quality  of  the  water  in  the 
lake  has  deteriorated  due  to  pollution  from  both  point  and  non¬ 
point  sources.  Efforts  have  already  been  made  to  reduce  the 
amount  of  pollution  entering  the  lake  from  point  sources.  However, 
the  majority  of  the  pollution  is  caused  by  non-point  sources, 
which  are  more  difficult  to  find  and  control.  The  project  has 
been  funded  and  work  is  in  progress.  The  study  report  is 
scheduled  to  be  completed  by  April  1989. 

(i)  White  River  and  Tributaries ,  Arkansas  is  a  general 
investigation  study  of  the  impacts  of  Little  Rock  District 
reservoir  operations  on  navigation  in,  and  recreation  activities 
on,  the  White  River  and  its  tributaries  in  Arkansas  during  low- 
water  periods.  It  has  been  requested  that  water  releases  from  the 
White  River  reservoirs  be  modified  to  augment  flows  for  navigation 
and  recreation.  Many  times  in  the  summer  and  fall  navigation  on 
the  White  River  is  delayed.  This  increases  shipping  costs  for 
agriculture  and  other  commerce  in  the  region.  Recreational 
interests  are  concerned  with  the  effects  that  low  flows  have  on 
the  trout  fishery  and  the  other  recreational  uses  of  the  river.  A 
reconnaissance  report  is  scheduled  for  September  1989. 


( j )  Arkansas /White  River  Containment  Structure .  A  new 
channel  is  developing  between  the  Arkansas  and  White  Rivers. 
Should  this  new  channel  develop  the  sand  laden  flows  from  the 
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Arkansas  River  could  be  carried  to  the  White  River.  This  sediment 
would  have  to  be  dredged  from  the  White  River  at  an  annual  cost  of 
approximately  $3.1  million.  The  construction  of  an  extension  to 
the  containment  structure  along  the  White  River  Entrance  Channel 
has  been  approved.  The  FDM  was  submitted  in  April  1988  and  a 
construction  contract  is  scheduled  for  award  in  April  1989.  The 
construction  is  expected  to  be  completed  within  two  years  after 
award  of  the  contract.  A  fish  and  wildlife  mitigation  plan  has 
been  approved  by  the  Corps  of  Engineers  and  the  U.S.  Fish  and 
Wildlife  Service. 

(k)  Montgomery  Point  Lock  and  Dam  ( Lock  and  Dam  0 ) .  Low 
water  levels  in  the  Mississippi  River  at  the  mouth  of  the  White 
River  cause  delays  in  navigation  and  increase  dredging  costs  on 
the  White  River  portion  of  the  McClellan-Kerr  Arkansas  River 
Navigation  System.  Preliminary  results  received  from  the 
Waterways  Experiment  Station  indicate  that  the  only  feasible 
solution  is  a  new  lock  and  dam.  Additional  testing  has  confirmed 
that  the  most  economical  location  is  in  the  White  River  channel  at 
approximately  mile  0.5.  The  present  schedule  calls  for  submission 
of  a  Justification  Report  in  September  1990. 

(l)  Wilbur  D^  Mills  Dam  ( Dam  No . 2 ) .  This  dam  has  a 
history  of  erosion  of  the  riprap  scour  protection  downstream  of 
the  stilling  basin.  During  the  December  1982  flood,  improperly 
moored  barges  in  Pool  2  were  swept  from  their  moorings  and 
rendered  12  tainter  gates  inoperable  or  blocked.  The  resulting 
flow  concentration  caused  extensive  damage  to  the  scour  protection 
at  Dam  No.  2.  These  instances  of  erosion  have  required  numerous 
intermittent  repairs.  Since  the  dam  in  constructed  on  piling, 
extensive  scour  could  cause  the  structure  to  fail.  Model  studies 
by  the  Waterways  Experiment  Station  have  determined  the  most 
feasible  solution  is  to  extend  the  stilling  basin  by  grouting 
riprap  downstream  from  the  stilling  basin  end  sill.  The  grouted 
riprap  will  be  placed  by  sinking  used  barges  in  the  desired 
location.  An  FY  1990  construction  start  is  planned  contingent  on 
approval  and  funding. 

(m)  Non-Federal  Hydropower  Development .  A  milestone 
was  recently  reached  in  the  Little  Rock  District  (LRD)  with  two  of 
three  10  megawatt  (MW)  units  at  James  W.  Trimble  Lock  and  Dam  (No. 
13)  and  one  of  two  19.5  MW  units  at  Murray  Lock  and  Dam  (No.  7) 
coming  on-line.  Licenses  for  non-federal  hydropower  development 
were  issued  and  construction  is  approximately  99  percent  complete 
at  these  projects  on  the  Arkansas  River.  The  units  at  Lock  and 
Dam  13  can  operate  between  3,000  and  110,000  cubic  feet  per  second 
(cfs)  with  a  maximum  release  rate  of  31,000  cfs.  The  units  at 
Lock  and  Dsun  7  can  operate  between  2,600  and  135,000  cfs  with  a 
maximum  release  rate  of  38,600  cfs.  Also  on  the  Arkansas  River, 
licenses  have  been  issued  at  Arthur  V.  Ormond  Lock  and  Dam  (No. 
9),  Lock  and  Dam  No.  3,  Wilbur  D.  Mills  Dam  (No.  2)  and  at  Nimrod 
Dam.  LRD  continues  to  be  responsible  for  reviewing  preliminary 
permits  and  applications  filed  with  the  Federal  Energy  Regulatory 
Commission  (FERC)  for  development  of  non-federal  hydropower  at 
Corps  projects  or  non-Corps  projects  within  the  limits  of  LRD  to 
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ascertain  potential  impacts  on  Corps  responsibilities.  The  Corps 
also  has  the  responsibility  to  review  all  designs,  plans,  and 
specifications  for  features  which  affect  the  integrity  of  the 
existing  Federal  structure  or  its  operational  adequacy. 

3.  Other  significant  items  relating  to  water  management 
activities  are  as  follows: 

(a)  Water  Control  Data  System  (WCDS ) .  Reservoir 
Control  personnel  are  utilizing  applications  software  developed  by 
LRD  to  enter  all  daily  reservoir  data,  perform  water  budget 
computations,  and  prepare  daily  reports  and  forecasts.  The  DCF 
(Data  Collection  Platform)  data  are  currently  being  retrieved  from 
the  National  Environmental  Satellite,  Data  and  Information  Service 
(NESDIS)  downlink.  DCF  data  are  being  stored  in  the  Data  Storage 
System  (DSS),  a  data  base  developed  by  the  Hydrologic  Engineering 
Center  (HEC).  Modifications  continue  to  be  made  to  the  system  to 
more  fully  utilize  DCF  data  and,  thereby,  minimize  the  project 
reporting  requirements  for  daily  reservoir  data.  Additional 
software  was  developed  to  use  DCF  data  directly  from  DSS  in 
generating  daily  reports.  The  TOTAL  data  base  was  installed  on 
the  system  last  year  and  data  is  currently  being  stored  in  both 
TOTAL  and  DSS.  Applications  programs  from  HEC  and  modifications 
of  those  programs  allow  users  to  view,  edit,  and  plot  the  data  and 
to  generate  reports.  Software  has  also  been  installed  to 
graphically  display  rainfall  data  using  programs  developed  by  the 
Tulsa  District. 


(b)  Data  Collection  Platform  (DCF)  Status .  The 
Little  Rock  District  (LRD)  currently  has  a  total  of  91  DCF 
stations  with  36  located  in  the  Arkansas  River  basin,  13  in  the 
Little  River  basin  and  42  in  the  White  River  basin.  Of  these,  33 
are  maintained  by  LRD.  Application  has  been  made  for  3  new 
channel  assignments  which  will  bring  the  total  number  of  DCF 
stations  to  94  in  the  near  future.  LRD  also  monitors  20  DCF 
stations  located  outside  the  district  as  a  secondary  user.  During 
FY  88,  time  slots  vacated  by  the  Fort  Worth,  Galveston  and  Tulsa 
Districts  on  the  GOE.S  western  satellite  were  filled  by  LRD 
resulting  in  all  DCF  data  currently  being  received  on  two  channels 
(7  and  41) . 

( c )  Automation  of  Field  Operations  and  Services 
( AFOS ) .  LRD  is  currently  receiving  AFOS  system  data  from  the 
National  Weather  Service  (NWS)  Tulsa  River  Forecast  Center  through 
a  line  that  also  provides  data  to  the  Tulsa  District  and  SWD. 
Selected  products  are  routed  to  the  TOTAL  data  base  and  to  a 
printer,  while  others  can  be  viewed  with  the  VUENWS  program. 
Current  software  has  been  added  to  allow  utilization  of  AFOS 
graphics  products  as  well. 


e .  TULSA  DISTRICT . 

(1)  ARKANSAS  RIVER  BASIN .  Flows  in  the  Arkansas  River  during 
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FY  1988  were  about  140%  of  normal.  The  variation  of  flows 
throughout  the  year  was  much  more  pronounced  than  the  normal 
seasonal  variation.  Flows  for  the  months  of  December  1987  through 
April  1988  were  about  310%  of  normal  while  the  flows  from  June 
through  September  1988  were  only  20%  of  normal.  Because  of  the 
abrupt  change  in  early  May,  from  flooding  conditions  to  a 
prolonged  drought,  it  became  necessary  for  the  Division  Commander, 
for  the  first  time,  to  declare  a  navigation  emergency.  The 
declaration  was  necessary  to  allow  the  conservation  pools,  in  some 
of  the  storage  reservoirs,  to  be  drawn  below  the  limits  set  forth 
in  the  Arkansas  River  Master  Manual  to  provide  the  flows  needed  to 
keep  the  navigation  system  open  until  maintenance  dredging  could 
be  completed.  The  reservoirs  used  to  provide  the  needed  flows 
were  Kaw,  Keystone,  Oologah,  Hulah,  Copan,  Tenkiller  and  Eufaula. 

Keystone  Lake  was  drawn  to  elevation  718.5  (top  conservation 
pool  at  elevation  723.0)  in  September  for  tainter  gate  repair 
work.  The  seasonal  drawdown  scheduled  for  July  at  Kaw  Lake  was 
foregone  due  to  the  drought  conditions  and  to  assure  that  water 
will  be  available  during  January  1989  to  help  replenish  the 
depleted  Keystone  conservation  storage. 

Special  releases  were  made  at  Eufaula  and  Fort  Gibson  in  July, 
August,  and  September,  and  at  Great  Salt  Plains  and  Oologah  Lakes 
in  August  and  September  to  alleviate  fish  kill  problems.  The 
Kansas  Water  Office  requested  water  supply  releases  from  John 
Redmond  for  the  Wolf  Creek  Nuclear  Generating  Plant  in  June, 
August,  and  September,  and  from  Council  Grove  Lake  for  the  City  of 
Emporia  in  August  and  September.  Oklahoma  City  requested  water 
supply  releases  from  Canton  Lake  in  July.  Annual  raft  races  for 
various  organizations  required  special  releases  from  Council 
Grove,  Robert  S.  Kerr,  W.  D.  Mayo,  and  Keystone  Lakes. 

(2)  RED  RIVER  BASIN .  Flows  in  the  Red  River  basin  during 
FY  1988  were  about  140  percent  of  normal  upstream  and  50  percent 
of  normal  downstream  of  Lake  Texoma,  while  annual  rainfall  was 
about  70  percent  of  normal  upstream  and  60  percent  of  normal 
downstream  of  Lake  Texoma.  On  an  annual  average,  above  normal 
inflows  during  the  winter  months  generally  more  than  offset  below 
normal  inflows  during  the  summer  months. 

Only  one  significant  flood  event  occurred  during  FY  1988 
This  flood  resulted  from  rains  that  fell  from  December  24-27, 
1987.  The  heaviest  rainfall  was  downstream  of  Lake  Texoma,  in  the 
lower  Red  River  basin.  Rainfall  totals  during  this  storm  ranged 
from  about  2  1/2  inches  at  Lake  Texoma  to  about  8  inches  in  the 
extreme  southeastern  part  of  the  Tulsa  District.  Rainfall  totals 
in  southwestern  Arkansas  ranged  from  about  5  to  14  inches  for  this 
period.  Although  this  was  not  a  major  flood,  it  did  result  in  the 
third  highest  pool  elevation  at  Broken  Bow  and  the  sixth  highest 
pool  elevation  at  Hugo. 

The  last  half  of  FY  1988  was  very  dry.  Rainfall  was  much 
below  normal  in  many  areas  in  the  Red  River  basin  below  Lake 
Texoma.  Pool  elevations  at  the  end  of  FY  1988,  however,  were  not 


extremely  low.  Conservation  storages  ranged  from  87  percent  full 
at  Broken  Bow  to  100  percent  full  at  Pine  Creek.  Lake  Texoma 
reached  a  low  of  612.03  (75  percent  of  conservation  storage 
remaining)  on  16  September  1988,  but  rose  about  4  feet  by  the  end 
of  September  as  a  result  of  rainfall  from  the  remnants  of 
Hurricane  Gilbert. 

Several  significant  events  occurred  this  FY  in  the  Red 
River  basin.  The  Lake  Texoma  Advisory  Committee  was  formed  and 
had  meetings  on  20  January  and  24  May  1988.  The  conservation 
storage  at  McGee  Creek  filled  for  the  first  time  on  19  February 
1988.  Also,  a  Drought  Contingency  Plan  (DCP)  was  begun  for  the 
upper  Red  River  basin  (above  Lake  Texoma).  The  DCP  is  scheduled 
for  completion  by  31  December  1988. 

3.  WATER  QUALITY  PROGRAM  AND  ACTIVITIES. 

a.  ALBUQUERQUE  DISTRICT .  The  goals  of  the  Albuquerque 
District  wat«.r  quality  data  collection  program  are  to  provide  an 
accurate  picture  of  lake  conditions  as  to  pH,  turbidity, 
temperature,  and  dissolved  oxygen.  Trends  are  monitored  to  show 
improvement  or  degradation  of  water  quality  and  the  data  used  to 
identify  public  health,  fish  and  wildlife  problems. 

Readings  are  made  on  a  monthly  basis  for  the  following 
parameters:  surface  pH,  conductivity  secchi  disk,  and  dissolved 
oxygen  and  temperature  at  the  surface  and  at  one-meter  increments 
to  the  bottom. 


This  data  is  available  in  the  District  Operations  Office. 
The  following  is  a  listing  of  sampling  locations  for  each  pro jeer; 


PROJECT 


WATER  QUALITY  SAMPLING  LOCATIONS 
LOCATIONS 


NUMBER 


Abiquiu 

Cochiti 
Conchas 
John  Martin 


Trinidad 

Jemez  Canyon 
Santa  Rosa 


Chama  inflow,  Canones  inflow,  reservoir 
near  dam,  release 

Eland  canyon,  reservoir  near  dam,  release 
Conchas  and  Canadian  inflow,  reservoir 
Arkansas  inflow,  reservoir  near  boat  ramp, 
reservoir  near  dam,  reservoir  near  Ft.  Lyon 
Hospital,  two  Lake  Hasty  locations,  release 
Purgatoire  inflow,  reservoir  near  dam, 
reservoir  near  Carpios  Ridge 
Inflow,  reservoir  near  dam 
Pecos  inflow,  reservoir  near  deun, 
reservoir  near  asphalt  pit,  release 


4 


4 

7 


4 

2 

4 


Biological  samples  are  tested  monthly  at  all  projects. 
District  personnel  are  trained  in  the  use  of  a  gas  chromatograph 
to  test  for  dissolved  nitrogen. 


b.  FORT  WORTH  DISTRICT. 
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(1)  For  FY  1988,  a  water  quality  report  for  Lake  0’  t}i*^ 
Pines  was  completed  and  submitted  to  SWD  for  reviews  and  approval . 
Of  the  24  projects  in  the  Fort  Worth  District,  water  quality 
reports  for  15  projects  have  been  completed  and  submitted  to-date. 
Water  quality  reports  for  Waco,  Whitney,  Belton,  Bardwell,  Wright 
Patman  and  Lake  0’  The  Pines  are  still  pending  approval  by  SWD. 
No  major  water  quality  problems  of  any  significance  have  beer; 
found  in  any  of  these  projects. 

(2)  The  City  of  Grapevine  installed  a  destratif icat ion 
system  at  Grapevine  Lake  in  April  1987  but  has  not  yet  deter¬ 
mined  the  effectiveness  of  the  system.  At  one  time  during  the 
summer  of  1988,  a  concentration  level  of  dissolved  manganese, 
more  than  minimum  allowable  limit  was  observed.  The  City  is 
investigating  why  the  higher  levels  of  dissolved  manganese 
occurred  following  the  installation  of  the  destratif icat ion 
system . 

(3)  Canyon  Lake  was  selected  by  WES  as  a  research  field 
site  for  developing  techniques  by  evaluating  the  impacts 
associated  with  lake  releases  before  and  after  hydropower 
installation.  An  intensive  water  quality  data  collection  for  this 
research  project  was  initiated  in  the  summer  of  1988  (prior  to 
power-on-line)  and  will  continue  through  the  summer  of  1989  (after 
power-on-line) . 

(4)  Water  quality  surveillance  at  SWF  for  FY  1989  is 
$248,590,  compared  to  $212,350  for  FY  1988  and,  therefore,  aii 
increase  of  $36,240.  The  increase  is  associated  with  addi ticna 1 
water  quality  sampling  sites  at  Ray  Roberts  Lake  and  an  increase 
in  the  cost  of  sampling. 

c.  GALVESTON  DISTRICT.  There  were  no  Water  Quality 
Activities  during  FY  1988. 

d.  little  rock  district .  The  District  water  quality 
management  programs  are  divided  between  the  Construction- 
Operations  Division  and  Engineering  Division  by  functional 
missions . 

( 1 )  Const ruction -Operations  Division  Responsibilities . 
The  Permits  Branch  has  responsibility  for  conducting  the  District 
water  quality  program  for  Construction-Operations  Division.  Since 
the  regulatory  functions  of  the  branch  under  the  Section  10/404 
permit  program  closely  parallel  functions  of  the  Division’s  water 


quality  management  program,  field  activities  are  very  conveniently 
and  efficiently  combined  to  implement  the  programs.  These 
responsibilities  include  the  following  programs  relating  to  water 


quality  management. 


(a)  Reservoir  Monitoring .  General  reservoir  water 
quality  monitoring  of  all  Little  Rock  District  reservoirs  other 
than  the  main  stem  of  the  Arkansas  River  is  presently  performed 
three  times  per  year  at  six  to  eight  stations  per  lake  at  various 
depths.  Sample  collection  in  the  field  and  water  quality  analyses 
are  done  by  USGS  personnel  under  the  Corps  of  Engineers 
Interagency  Agreement.  Approximately  26  parameters  are  measured 
to  ascertain  general  reservoir  water  quality  and  to  provide 
background  data  in  detecting  water  pollution.  There  are  no  State 
or  other  Federal  programs  which  routinely  provide  these  data  on 
the  reservoirs  operated  by  the  Corps.  Data  obtained  are 
maintained  in  the  Permits  Branch  and  are  stored  in  and  available 
from  STORET,  WATSTORE ,  and  annual  USGS  Water  Resources  Data 
Publications  for  Arkansas  and  Missouri.  Data  obtained  are  used  to 
evaluate  basic  water  quality  and  long  and  short  term  water  quality 
changes,  to  identify  pollution  sources,  and  to  properly  manage 
reservoir  water  quality.  Their  evaluations  include  the 

identification  of  potential  pollution  sources  so  as  to  enable  the 
Corps  to  have  meaningful  input  in  the  decision  making  processes  of 
other  agencies  and  groups  with  regulatory  authority  over  basin 
discharges.  These  findings  are  published  in  Water  Quality 
Management  Reports  and  annual  updates  for  each  project.  The 
Greers  Ferry  and  Table  Rock  Water  Quality  Management  Reports  have 
been  published  and  the  Blue  Mountain  report  is  in  progress.  A 
statistical  analysis  has  been  performed  on  data  collection  thus 
far  (1974-present)  and  has  proved  to  be  very  valuable.  Bottom 
sediment  samples  were  collected  from  eight  LRD  reservoirs  in  1984 
and  have  been  analyzed  for  organics,  nutrients,  and  metals.  This 
program  is  conducted  pursuant  to  ER  1130-2-334. 

( b )  Discharge  Permit  and  Operational 
Monitoring .  Discharge  permit  and  operational  monitoring  of  34 
Corps-operated  wastewater  treatment  systems  in  the  District  is 
performed  in  accordance  with  National  Pollutant  Discharge 
Elimination  System  (NPDES)  permit  requirements.  The  USGS  obtains 
the  necessary  monthly  samples  and  analyzes  these  for  Biochemical 
Oxygen  Demand  (BOD),  bacteria,  and  suspended  solids.  Operational 
monitoring  performed  twice  weekly  by  the  sewage  treatment  plant 
operators  includes  in  some  cases  pH,  flow,  chlorine  residual, 
dissolved  oxygen,  and  settleability .  Operational  changes  are 
recommended  as  necessary.  Data  are  formatted  and  computer  stored 
in  Permits  Branch.  This  program  is  conducted  in  accordance  with 
Section  402  of  the  Clean  Water  Act  which  requires  reporting  to  the 
Department  of  Natural  Resources  in  Missouri  and  the  Department  of 
Pollution  Control  and  Ecology  in  Arkansas. 

(c)  Bathing  Beach  Monitoring.  Monitoring 
is  performed  five  times  monthly  by  resident  area  personnel  on 
District  bathing  beaches  during  the  swimming  season  to  insure  safe 
bacterial  quality  of  reservoir  waters.  Samples  are  analyzed  by 
the  Missouri  and  Arkansas  Health  Departments  free  of  charge.  A 
central  log  containing  results  for  all  projects  is  maintained  by 
the  Permits  and  Water  Quality  Section.  This  program  is 
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administered  in  accordance  with  SWD  Regulation  1130-?-9  and 
applicable  State  laws. 

(d)  Potable  Water  Monitoring .  Potable 
water  supplies  of  the  District  are  tested  for  physical,  chemical, 
and  bacterial  quality.  Samples  are  collected  by  resident  area 
personnel  and  mailed  to  the  appropriate  health  departments,  which 
perform  the  analyses  free  of  charge.  When  tests  indicate  a 
bacterial  problem,  corrective  measures  are  immediately  taken.  In 
some  cases  chronic  problems  detected  by  this  sampling  causes  wells 
to  be  replaced  or  reworked.  Permits  Branch  personnel  collect 
samples  for  complete  chemical  analysis  by  the  health  departments 
on  each  new  water  supply  and  for  periodic  nitrate  analysis 
thereafter.  Data  obtained  are  used  in  the  periodic  sanitary 
survey  and  report  forwarded  to  SWD  for  reporting  to  OCE .  This 
program  is  conducted  in  accordance  with  ER  1130-2-407  and 
applicable  Federal  and  State  drinking  water  standards  for  non¬ 
community  water  supply  systems. 

( e )  Dredged  Material  Analx^s . 

Periodically,  a  bottom  sediment  survey  is  performed  at  twelve 
locations  along  the  Arkansas  River  navigation  project  and  less 
frequently  at  other  locations  on  other  District  rivers  and 
reservoirs.  Sediment  and  water  column  samples  are  frozen  and  sent 
to  SWD  laboratory  for  sediment,  water,  and  elutriate  analyses. 
The  purpose  of  this  program  is  to  detect  potential  effects  of 
dredging  operations  on  water  quality,  and  to  have  these  data 
available  for  the  required  404(b)(1)  evaluations  of  future  Corps 
and  private  dredging.  These  operations  include  both  commercial 
dredging  under  Corps  permits  and  channel  maintenance  dredging 
performed  under  Corpo  of  Engineers  contract. 

( f )  Pollution  Complaints  and  Hazardous 
Substances .  Permits  Branch  and  Resident  Offices  receive  calls 
reporting  instances  of  pollution  and  hazardous  substance  spills. 
These  reports  are  coordinated  with  the  appropriate  Federal  and 
State  officials.  On  occasion.  Corps  personnel  investigate  these 
pollution  complaints  to  verify  existing  conditions  and  determine 
effects  on  project  operations.  During  oil  and  other  hazardous 
substance  spills,  Corps  personnel  participate  in  notification  and 
other  emergency  measures  with  Coast  Guard  and  EPA  officials  and 
when  so  designated,  act  as  the  Federal  on-scene  coordinator  for 
these  two  agencies  under  the  National  Contingency  Plan.  The  LRD 
Oil  and  Hazardous  Substances  Pollution-Contingency  and  Spill 
Prevention,  Containment  and  Countermeasure  Plan  was  rewritten  and 
updated  as  of  August  1983. 

(g)  Special  Activities .  Permits  Branch 
periodically  assists  Engineering  Division  and  Planning  Division  in 
obtaining  samples  and  analyses  for  special  water  quality  and 
planning  studies.  Coordination  is  also  accomplished  on  studies 
being  performed  by  other  agencies  such  as  the  EPA,  Health 
Department,  Soil  Conservation  Service,  etc.  Cooperative  water 
quality  studies  are  periodically  conducted  with  other  agencies  in 
monitoring  activities  authorized  under  Corps  Section  10  and  404 
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permits.  Permits  Branch  personnel  are  also  involved  on  a  daily 
basis  with  personnel  from  the  Arkansas  Department  of  Pollution 
Control  and  Ecology  in  the  processing  of  Corps  permits  and 
resolving  the  water  quality  matters  arising  therein. 

( 2 )  Engineering  Division  Responsibilities . 
There  is  no  specific  organization  for  water  quality  studies  within 
the  Engineering  Division.  Responsibility  is  assigned  to  the 
various  elements  based  on  the  nature  of  the  program  study. 

( a )  Reservoir  Profile  and  Release 
Monitoring .  Water  quality  data  have  been  collected  at  Beaver, 
Table  Rock,  Bull  Shoals,  Norfork,  and  Greers  Ferry  Lakes  since 
1966;  at  Blue  Mountain,  Clearwater,  and  Nimrod  Lakes  since  FY  81; 
and  at  DeQueen,  Dierks,  Gillham  and  Millwood  Lakes  since  April 
1981.  Presently,  monthly  profiles  of  pH,  temperature,  dissolved 
oxygen,  and  specific  conductance  are  obtained  from  the  12 
reservoirs,  as  well  as  a  gravel  sample  below  each  dam.  Additional 
profiles  are  obtained  from  Table  Rock  Lake  during  critical  time.s 
of  the  year.  These  data  are  used  in  the  design  of  the  operating 
features  needed  for  preventing  or  lessening  water  quality  problems 
downstream  of  the  dams.  They  also  contribute  to  the  water  control 
management  of  releases  from  Table  Rock  and  to  maintain  acceptable 
temperatures  downstream  of  all  reservoir  projects  from  May  through 
October.  Hydraulics  Branch  is  responsible  for  this  program  and 
data  collection  is  contracted  to  USGS . 

(b)  Special  Studies .  The  Hydraulics 
Branch  in  conjunction  with  the  Planning  Division,  periodically 
conduct  water  quality  studies  as  part  of  normal  project  planning 
efforts  such  as  preparation  of  survey  reports,  design  memorandums, 
and  environmental  impact  statements. 

(3)  Laboratory  Capabilities .  Water  quality 
analysis  performed  at  the  District  level  are  limited  to  the 
following  capabilities: 

(a)  Field  testing  of  water  quality  whicli 
may  be  conducted  by  the  Corps  personnel  includes  dissolved  oxygen, 
temperature,  pH,  specific  conductivity,  Secchi  Disc  measurements, 
and  others  using  HACH  field  test  kits  approved  by  EPA. 

(b)  A  small  laboratory  located  in 
Construction-Operations  Division  can  perform  the  following 
analyses:  dissolved  oxygen,  color,  turbidity,  alkalinity, 
hardness,  and  others  using  colorimetric  methods  of  analyses. 


(4)  Data  Management .  Reservoir  water  quality 
data  collected  and  analyzed  by  USGS  are  entered  into  WATSTORE  and 
STORET,  the  computerized  data  management  systems  of  the  USGS  and 
EPA,  respectively.  These  data  are  also  published  in  the  annual 
USGS  water  resources  reports  for  Arkansas  and  Missouri.  Results 
of  potable  water,  bathing  beaches,  NPDES,  and  other  monitoring  are 
kept  in  computer  storage,  log  books,  or  files  as  appropriate. 
Special  data  collection  results  are  contained  in  the  reports 


dealing  with  the  specific  subject  for  which  data  were  collected. 

e.  TULSA  DISTRICT .  Environmental  Resources  Branch  performed 
several  water  quality  studies  during  FY  1988. 

( 1 )  Lake  Texoma  Netnen  Aquaculture  Demonstration  Proj^t . 
Environmental  Resources  Branch  continued  to  collect  data  at  Lake 
Texoma  for  determining  the  effects  of  netpen  aquaculture  of 
channel  catfish  on  lake  water  quality.  Data  were  collected 
biweekly  during  the  fish  growing  season.  Activities  included 
field  measurements,  laboratory  analysis  of  water  and  sediment 
samples  for  a  number  of  physicochemical  parameters,  sediment  trap 
experiments,  and  determinations  of  in-situ  sediment  oxygen  demand. 
The  study  is  a  three-year  project  to  be  completed  during  FY  1989. 
Results  of  the  study  will  be  summarized  in  a  final  report  and  will 
provide  a  basis  for  a  computer  model  capable  of  predicting  water 
quality  based  on  varying  conditions  of  facility  design, 
hydrodynamics,  morphometry,  and  existing  water  quality. 

( 2 )  Release  Plans  for  the  Prevention  of  Fish  KiJLls . 
Environmental  Resources  Branch,  in  cooperation  with  Operations  and 
Engineering/Construction  Divisions,  developed  release  plans  for 
minimization  of  summertime  fish  kills  at  several  Tulsa  District 
projects.  Activities  included  computer  modeling  and  evaluation  of 
test  releases  at  these  projects.  As  a  result  of  these  activities, 
no  major  fish  kills  occurred  in  the  Tulsa  District  during  the 
summer  of  1988.  Similar  plans  for  all  Tulsa  District  projects 
will  be  developed  at  a  rate  of  approximately  five  per  fiscal  year. 

( 3 }  Development  of  Sediment  Oxygen  Demand  ( SOD i 
Methodology .  A  field  device  for  determination  of  in-situ  SOD  was 
developed  by  the  Environmental  Resources  Branch.  The  device  is  a 
dome-shaped  apparatus  that  isolates  and  circulates  water  over  lake 
or  river  sediments.  SOD  rates  are  determined  by  monitoring  oxygen 
depletion  rates  within  the  dome.  While  the  device  was  developed 
primarily  for  use  in  the  netpen  study  at  Lake  Texoma,  it  should 
prove  valuable  in  a  number  of  water  quality  studies  at  other- 
projects  . 

(4)  M&I  Water  Suitability  Studies .  Eleven  potential 
reservoir  sites  in  the  Arkansas  River  basin  were  evaluated 
regarding  their  potential  for  municipal  and  industrial  (M&I)  water 
supply.  Water  quality  data  from  the  general  vicinity  of  each  site 
were  retrieved  via  the  Environmental  Protection  Agency's  STORED 
computerized  database. 

(6)  Tenkiller  Lake.  OK.  Environmental  Resources  Branch 
completed  a  final  report  on  results  of  water  quality  sampling  at 
Tenkiller  Lake,  Oklahoma.  This  study  was  initiated  in  response  to 
growing  public  concern  about  eutrophication  of  Tenkiller  Lake. 
The  investigation  revealed  significant  problems  with  nutrient 
inputs,  decreased  water  clarity,  and  nuisance  algal  blooms. 
Further  studies  at  Tenkiller  Lake  are  planned  for  FY  1989. 

(6)  Releases  of  50  cubic  feet  per  second  (cfs)  were  made 
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through  one  of  the  flood  conduits  at  Denison  Dam- Lake  Texoma  from 
5  August  1988  through  5  October  1988  to  alleviate  a  low  dissolved 
oxygen  problem  in  the  stilling  basin.  Also,  a  special  release  of 
140  cfs  was  made  through  the  spillway  sluice  gate  at  Broken  Bow  on 
21  and  22  August  1988.  This  release  was  made  at  the  request  of 
the  Oklahoma  Department  of  Wildlife  Conservation  to  aid  them  in 
developing  a  trout  fishery  below  Broken  Bow  Dam.  A  special 
release  was  made  from  Waurika  in  May  and  June  to  alleviate  fish 
kill  problems  in  the  stilling  basin. 

4.  SEDIMENT  PROGRAM  AND  ACTIVITIES. 

a.  ALBUQI^RQUE  DISTRICT .  A  sediment  survey  (aerial)  of  Two 
Rivers  Reservoir  was  completed  this  year.  The  new  area-capacity 
table  will  be  ready  for  adoption  by  1  Jan  89.  The  sedimentation 
survey  report  is  scheduled  to  be  completed  in  1989. 

b.  FORT  WORTH  DISTRICT .  Following  the  sedimentation  resurvey 
of  Stillhouse  Hollow  Lake  in  December  1987,  a  sedimentation 
resurvey  report  of  Stillhouse  Hollow  Lake  was  completed  and 
submitted  to  SWD  in  October  1988  for  review  and  approval.  For  FY 
1989,  no  projects  in  the  Fort  Worth  District  are  scheduled  for 
resurvey  as  funds  requested  for  sedimentation  resurveys  in  FI'  1989 
were  not  approved. 

c.  GALVESTON  DISTRICT .  A  sediment  policy  was  established  in 
1985  by  the  District  to  provide  guidance  relative  to  settling 
basins  or  alternative  control  methods  on  inflowing  streams  t:. 
reduce  velocity  and  essentially  preclude  the  permanent  deposition 
of  sediment  in  tlie  federally-owned  lands  of  Addicks  and  Barker 
Reservoirs.  Enforcement  of  this  policy  continues,  there  have  been 
no  other  sediment  activities  in  FY  88.  Dredging  activities  for  FY 
87  and  FY  88  are  shown  in  the  following  Table. 

GALVESTON  DISTRICT  -  DREDGING 
NAVIGATION  PROJECTS 
(Cubic  Yards) 

Pro.-iect  FY  87  FY  88 


Brasos  Island  Harbor 

1 , 169,359 

-  -  -  - 

Chan.nel  to  Port  Bolivar 

36,289 

_  _  _  _ 

Corpus  Christi  Ship  Channel 

2,481,588 

* 

6,117,053 

Freeport  Harbor 

1,300,305 

1,687,916 

Galveston  Harbor  &  Channel 

675,549 

-  -  -  - 

Houston  Ship  Channel 

4,502,058 

272,800 

Matagorda  Ship  Channel 

2,464,282 

2,625,072 

Sabine  -  Neches  Waterway 

6,719,213 

* 

3,165,031 

Mouth  of  the  Colorado  River 

-  -  -  - 

522 , 000 

Trinity  River  and  Tributaries 

395,628 

172,886 

Texas  City  Channel 

948,267 

122,764 

Double  Bayou 

331 . 227 

— 

SUBTOTALS 

21,023,765 

14,685,524 

GIWW 

Sabine  River  to  Galveston 

324,372 

797,042 

Galveston  to  Corpus  Christi 

7,247,974 

2,485,795 
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Corpus  Christi  to  Mexican  Border 

SUBTOTALS 

TOTALS 

*  Preliminary  data  subject  to  revision, 
d.  LITTLE  ROCK  DISTRICT. 


3.531. 662 
11,104,008 

32,127,773 


1 , 792.204 
5,075,041 

19,760,565 


(1)  Summary  of  Activities .  Suspended  sediment  samples 
are  collected  at  16  stations.  The  247  sediment  ranges  on  the  main 
stem  of  the  Arkansas  River  are  re-surveyed  as  near  annually  as 
funds  and  survey  workload  permit.  From  October  1987  through 
September  1988,  there  were  185  ranges  scheduled  for  resurveying; 
no  resurveys  were  accomplished.  There  are  143  ranges  scheduled  to 
be  resurveyed  in  FY  89.  56  tributary  ranges  are  resurveyed  less 
frequently  when  appreciable  deposits  are  suspected.  About  50 
index  ranges  out  of  350  sediment  ranges  in  the  other  8  reservoirs 
are  resurveyed  at  10-year  intervals.  During  the  period  from 
October  1987  through  September  1988,  none  were  resurveyed.  Index 
ranges  are  scheduled  to  be  resurveyed  at  12  reservoirs  during 
FY  89. 


(2)  White  River  Entrance  Channel  Model .  The  entrance 
channel  model  is  a  physical,  movable  bed,  hydraulic  model  which 
has  been  constructed  at  the  Waterways  Experiment  Station  (WES)  to 
study  the  navigation  depth  problems  which  occur  on  the  White  River 
between  its  confluence  with  the  Mississippi  River  and  Lock  and  Dam 
No.  1.  This  reach  of  the  White  River  serves  as  the  entrance  to 
the  Arkansas  River  Navigation  System.  Design  of  the  model  began 
in  November  1981  and  construction  was  completed  in  September  1985. 
Adjustments  and  verification  tests  were  completed  in  September 
1983.  Tests  with  additional  contraction  works  were  completed  in 
August  1984.  A  sediment  trap  plan  was  tested  but  did  not  provide 
an  acceptable  navigation  channel.  Tests  diverting  Arkansas  River 
flow  into  the  entrance  channel  have  been  completed.  This  improved 
the  navigation  channel  but  did  not  provide  a  reliable  channel . 
Tests  of  a  lock  and  dam  at  White  River  Mile  0.5  were  initiated  in 
August  1985.  The  tests  indicate  that  the  lock  and  dam  will 
improve  navigation  for  the  low  flow,  low  stage  periods.  Studies 
are  underway  to  determine  the  economic  feasibility  of  a  solution. 

(3)  Channel  Maintenance .  Maintenance  dredging  to  maintain 
navigable  depths  amounted  to  approximately  5.8  million  cubic  yards 
in  FY  88.  For  the  river  system  this  was  an  overall  increase  of 
about  2.0  million  cubic  yards  from  the  FY  87  dredging 
requirements.  Dredging  was  performed  in  Pools  2  and  3  and  the 
White  River  Entrance  Channel  (WREC).  Approximately  1.2  million 
cubic  yards  were  dredged  in  the  Arkansas  River,  96  percent  of 
which  was  from  Pool  2,  and  approximately  4.6  million  cubic  yards 
in  the  WREC.  Approximately  1.2  million  cubic  yards  was  dredged  in 
the  WREC  during  the  low  water  season  from  October  through  December 
1987  and  3.4  million  cubic  yards  was  dredged  during  the  drought 
from  May  through  September  1988.  Shoals  downstream  of  Lock 
Numbers  3,  4,  5,  7,  8,  and  13  and  at  the  Benzol  Bridge  (Navigation 
Mile  7.6)  were  removed  by  the  Corps-operated  Arkansas  River  Fleet 
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with  two  clam  dredges  operated  by  the  Resident  Offices. 
Approximately  ten  groundings  exceeding  one  hour  each  occurred  on 
the  navigation  system  in  FY  88. 

e.  TULSA  DISTRICT .  During  FY  1988,  a  detailed  reconnaissance 
resurvey  was  conducted  on  Elk  City  Lake,  Kansas,  and  a  contract 
was  awarded  to  perform  a  detailed  resurvey  of  Keystone  Lake, 
Oklahoma,  of  all  sediment  ranges  in  the  lake  and  18  of  the  26 
degradation  ranges.  This  resurvey  is  being  performed  due  to  the 
results  of  the  unexpectedly  high  sediment  deposition  that  was 
detected  from  the  FY  1987  reconnaissance  resurvey.  The  new 
hydrographic  survey  system  installed  on  the  survey  vessel  TD  8504 
was  installed  in  March  1988  and  ongoing  revisions  to  the  software 
are  currently  being  made  by  the  manufacturer.  This  effort  should 
be  completed  within  the  next  6  weeks. 


Sediment  forecasting  is  still  a  major  effort  to  be  performed, 
but  due  to  other  work  priorities  this  effort  has  been  stalled. 
Sediment  estimates  are  now  being  computed  for  small  reservoirs 
with  drainage  areas  of  about  10  square  miles.  New  procedures  for 
evaluating  these  reservoirs  are  being  developed.  The  transfer  of 
data  from  the  Honeywell  computer  at  the  Division  Office  to  the 
Tulsa  District  Harris  computer  is  going  to  extend  into  late  FY 
1989.  Suspended  sediment  samples  were  collected  by  the  U.  S. 
Geological  Survey  at  39  sites. 


During  FY  1988,  hydrographic  surveys  were  conducted  on 
Stillhouse  Hollow  Lake,  Texas,  for  Fort  Worth  District  and  on 
Pennington  Creek  (an  arm  of  Lake  Texoma)  near  Tishomingo, 
Oklahoma.  Sediment  data  was  collected  and  processed  in  the  upper 
Little  Arkansas  River  for  the  Survey  Report  and  Environmental 
Impact  Statements.  A  contract  was  awarded  and  completed  to 
process  the  results  of  the  sediment  survey  of  Hugo  Lake,  Oklahoma. 
This  effort  presented  positive  results  and  another  contract  has 
been  awarded  for  similar  data  processing  for  Kaw  Lake,  Oklahoma. 

5.  NAVIGATION  ACTIVITIES. 

a.  ALBUQUERQUE  DISTRICT.  N/A 

b.  FORT  WORTH  DISTRICT.  N/A 

c.  GALVESTON  DISTRICT.  Consolidated  statement  of  tonnage  handled 
by  ports  and  moving  on  the  Gulf  Intracoastal  Waterway  is  shown  in 
the  following  table  for  calendar  years  1985  and  1986. 


(SHORT  TONS) 

CALENDAR  YEAR  CALENDAR  YEAR 
1985  1986 

1.  Brownsville,  Texas 

2.  Port  Isabel,  Texas 

3.  Corpus  Christi,  Texas  (6*) 

4.  Freeport,  Texas  (35*) 

5.  Galveston,  Texas 


41 

12 

7 


442,790 
279,578 
057,313 
,918,289 
791 , 729 


1 . 212,74 
291 , 71 
50, 104,57 
13,370,117 
7,987,857 


CO  to  to 


6. 

Houston,  Texas  (3*) 

90,669,169 

101,659,064 

7. 

Texas  City,  Texas  (13*) 

33,440,917 

35,479,909 

8. 

Sabine  Pass  Harbor,  Texas 

547,160 

385,202 

9. 

Port  Arthur,  Texas  (26*) 

15,754,931 

18,879,546 

10. 

Beaumont,  Texas  (19*) 

26,842,008 

27,453,660 

11. 

Orange,  Texas 

648,350 

661 , 570 

12. 

Port  Lavaca-Point  Comfort 

4,365,748 

4,858,515 

13. 

Anahuac,  Texas 

52,859 

48,662 

14. 

Clear  Creek,  Texas 

— 

— 

15. 

Channel  to  Liberty,  Texas 

58,486 

43,930 

16. 

Double  Bayou,  Texas 

20,845 

14, 145 

17. 

Cedar  Bayou,  Texas 

218,608 

275,900 

18. 

Colorado  River,  Texas 

480,181 

571 , 818 

19. 

Sweeiiy,  Texas 

519,417 

324,526 

20. 

Palacios,  Texas 

10,116 

-  -  - 

21. 

Dickinson,  Texas 

194,932 

330,172 

22. 

Aransas  Pass,  Texas 

9,649 

293,681 

23. 

Port  Mansfield,  Texas 

204,007 

3,883 

24. 

Harlingen,  Texas 

692,170 

668,733 

25. 

Channel  to  Victoria,  Texas 

3,414,087 

3,078,476 

26. 

Chocolate  Bayou,  Texas 

4,076,999 

2,874, 357 

27. 

Johnsons  Bayou 

248,959 

329.759 

TOTAL 

245,959,297 

271,202,514 

Gulf 

■  Intracoastal  Waterway,  Texas: 

(Traffic  on  Waterway) 

Sec . 

1.  (Sabine  River  to  Galveston) 

42,443,030 

47,401,050 

Sec . 

2.  (Galveston  to  Corpus  Christi) 

22,937,710 

23,809,550 

Sec . 

3.  (Corpus  Christi  to  Mexican  Border)  2.128.564 

1,723^40 

TOTAL  (1)  67,509,304  72,933,640 


(♦National  Port  Ranking  -  1986)  (1)  Includes  duplications. 

d.  LITTLE  ROCK  DISTRICT .  Record  low  stages  on  the  Mississippi 
River  during  the  drought  this  past  summer  caused  extremely  low 
stages  on  the  White  River  Entrance  Channel  (WREC).  In  June,  a 
grounded  tow  blocked  the  WREC  causing  the  channel  to  be  closed  for 
two  days.  Upon  reopening,  tows  were  restricted  to  70  feet  wide  by 
600  feet  long  (including  towboat)  and  restricted  to  daylight  usage 
with  a  Corps  of  Engineers  escort  boat.  The  tow  size  and  draft 
restrictions  remained  in  effect  through  the  end  of  September.  For 
approximately  one  week  during  June  a  minimum  draft  restriction  of 
7  feet  was  imposed. 

Projections  indicate  that  about  8.0  million  tons  of 
commerce  will  be  moved  on  the  McClellan-Kerr  Arkansas  River 
Navigation  System  in  CY  88.  This  represents  a  decrease  of  10 
percent  from  the  CY  87  level.  Commodities  moved  consisted  of  iron 
and  steel,  chemicals  and  chemical  fertilizers,  petroleum  products, 
coal,  sand  and  gravel,  rock,  soybeans,  wheat  and  other  grains,  and 
miscellaneous  commodities.  Inbound  movements  are  predicted  to 
decrease  by  2  percent  and  outbound  movements  to  decrease  by  11 
percent . 
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e.  TULSA  DISTRICT .  Commercial  movements  in  Oklahoma  for  FY  1988 
were  within  one  percent  of  the  tonnages  moved  in  FY  1987. 
Navigation  conditions  were  far  from  ideal  with  high  flows 
occurring  in  the  winter  and  spring  months  followed  abruptly  by  the 
drought  of  the  summer.  Wheat,  chemical  fertilizer,  iron  and 
steel,  and  petroleum  products  are  the  leading  commodities  shipped. 
Movements  of  military  equipment  have  increased  steadily.  The 
following  table  provides  the  total  tonnage  for  both  the  Little 
Rock  and  Tulsa  Districts. 


MCCLELLAN-KERR  ARKANSAS  RIVER  NAVIGATION  SYSTEM 
(Total  Tonnage  Little  Rock  and  Tulsa  Districts) 


1987  * 
( Tons ) 

2,131,022 
3,348,218 
2,751,562 
654.637 

8,885,439 

*  Unofficial  figures 
**  Projected  figures 

6.  COOPERATIVE  PROGRAMS . 

a-  ALBUQUERQUE  DI^RICT^ 


Inbound 

Outbound 

Internal 

Through 

Totals 


1988  ** 
(Tons) 

2,096.000 

2,980,000 

2,352,000 

572.000 

8,000,000 


1.  National  Weather  Service .  Albuquerque  District  does 
not  have  a  cooperative  program  with  the  National  Weatlier  Service 
to  support  rainfall  gages. 


2.  U . S .  Geological  Survey .  The  cooperative  stream  gaging 
program  with  the  U.S.  Geological  Survey  covered  44  stations  in  FY 
88.  Total  program  cost  was  $200,870,  as  shown  in  Table  VI-7.  The 
following  is  a  summary  of  number  of  stations  by  river  basin. 


STATION  SUMMARY 
STATIONS 


BASIN 


STREAM 


RESERVOIR 


Arkansas  5 
Canadian  3 
Rio  Grande  11 
Pecos  9 


2 

2 

8 

4 


Note : 


6  gages  are  not 


associated  with  project  operation. 


TOTAL 

7 

1 
1 


b.  FORT  WORTH  DISTRICT. 
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( 1 )  National  Weather  Service . 

Funds  were  transferred  by  CESWF  to  the  NWS  in  the 
amount  of  $89,519  for  FY  1988.  Under  ongoing  programs,  the  Corps 
collects  rainfall  at  project  offices  while  the  NWS  collects  all 
other  rainfall  reports  and  maintains  weather  stations,  including 
those  at  Corps’  projects.  Rainfall  summaries  are  transmitted  to 
the  Corps  via  telephone  and  a  daily  computer  printed  map  which 
displays  current  totals  for  reporting  stations.  supplemental  and 
accumulative  storm  total  printouts  are  provided  upon  request. 
Additional  hydrometeorological  information  was  received  from  the 
NWS  via  AFOS.  Radar  scans  were  obtained  on  a  Kavouras  radar 
acquisition  access  and  display  terminal  via  a  direct  connection 
to  the  NWS  Stephenville  radar  site  (which  covers  the  geographic 
area  where  the  majority  of  the  District's  projects  are 
concentrated)  and  via  commercial  long-distance  telephone  into  NWS 
radar  sites  at  Galveston,  Hondo,  and  Brownsville,  Texas,  and 
into  Oklahoma  City,  Oklahoma.  Continuous  updates  are  possible 
during  storm  periods . 

(  2  )  U_,.  S^  ^o],ogi cal  Survey . 

a .  General . 

The  USGS  performed,  maintained,  and  operated  all 
streamflow,  lake  level,  and  some  water  quality  stations  in 
cooperation  with  the  Fort  Worth  District.  They  arranged  for 
reporting  at  river  stages  during  flood  events,  made  supplemental 
flow  measurements,  and  processed  all  published  data.  In  addition 
to  the  cooperative  streamgaging  program  the  USGS  under  memorandurr. 
of  agreement  provide  operation  and  maintenance  service  to  the  Fort 
Worth  District  Data  Collection  Platform  network. 

b .  Funds . 

The  Fort  Worth  District  transferred  to  the  USGS, 
for  the  Cooperative  Streamgaging  Program,  $663,460  for  FY  1986 
to  support  135  gages  as  shown  in  Table  VI-8 

c.  GALVESTON  DISTRICT. 

(1)  National  Weather  Service  -  The  cooperative  program  with 
the  NWS  provides  for  the  operation  and  maintenance  of 
precipitation  gages  and  for  the  transmission  of  rainfall  summaries 
via  teletype  circuits.  The  total  program  cost  for  FY  1988  was 
$6,972  as  shown  in  Table  VI-9.  The  total  program  cost  for  FY  1989 
will  be  $7,126. 

(2)  IL.  ^  Geological  Survey  -  Two  cooperative  programs  are 
currently  in  existence  with  the  USGS.  One  provides  the  operation 
and  maintenance  of  stream  gages  and  the  second  provides  the 
operation  and  minor  maintenance  for  Data  Collection  Platforms. 
The  total  program  cost  for  FY  1988  was  $159,230.  The  total 
program  cost  for  FY  1989  will  be  $165 , 770 . total  program  cost  for 
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FY  1989  will  be  $7,126. 


d.  LITTLE  ROCK  DISTRICT. .  Approximately  202  rainfal]  and/or 
river  stage  reporting  stations  were  operated  by  the  National 
Weather  Service  and  the  Corps  of  Engineers  in  or  near  the  Little 
Rock  District.  Of  these,  117  stations  are  in  the  Corp.s  of 
Engineers/National  Weather  Service  program.  The  remaining  85 
stations  are  operated  solely  by  the  National  Weather  Service 
within  or  near  the  Little  Rock  District.  Six  of  these  stations 
are  airway  stations  that  report  at  6-hour  intervals.  Reports  from 
these  stations  are  used  in  forecasting  streamflows  for  flood 
warnings  and  operation  of  reservoir  projects.  The  FY  88  total 
cost  for  this  program  was  $37,340.  The  FY  89  cost  is  projected  to 
be  approximately  $39,000. 

( 2 )  U . S ■  Geological  Survey 

The  streamgaging  data  required  by  the  District  is 
collected  under  a  cooperative  agreement  with  the  USGS .  During  the 
fiscal  year  110  stations  were  operated.  Of  these,  74  were 
operated  cooperatively  and  36  were  operated  by  the  Corps  of 
Engineers.  The  FY88  total  cost  for  collection  of  streamflow  and 
sediment  data  was  $531,850  of  which  $393,870  was  transferred  to 
the  USGS  as  shown  in  Table  VI-10.  The  FY89  cooperative  program 
cost  is  $562,050  of  which  $398,340  will  be  transferred  to  USGS. 

e .  TULSA  DISTRICT , 

(1)  National  Weather  Service .  Real-time  water  control  and 
investigation  and  design  of  our  water  resources  projects  requires 
the  measurement  and  reporting  of  rainfall  and  evaporation  data. 
These  data  are  provided  through  a  cooperative  program  with  the 
National  Weather  Service.  During  FY  1988,  the  rainfall  and 
evaporation  program  in  the  Tulsa  District  cost  $131,023  through 
transfer  of  funds  to  the  National  Weather  Service. 

(2)  U . S .  Geological  Survey .  Much  of  the  information  required 
for  water  control,  hydrologic  investigation,  and  design  of  water 
resources  projects  results  from  the  reporting  and  measurement  of 
flow,  water  quality,  and  sediment  provided  by  a  cooperative  stream 
gaging  program  with  the  USGS.  During  FY  1988,  this  cooperative 
program  included  196  stations,  six  of  which  were  operated 
independently  by  the  Corps  of  Engineers.  The  stream  gaging 
program  in  the  Tulsa  District  cost  $1,862,433  in  FY  1988  with 
$980,740  of  this  being  transferred  to  the  USGS  for  operation  of 
stations  and  data  publications  as  shown  in  Table  VI-11.  The  total 
CE/USGS  program  cost  for  FY  1989  will  be  $1,058,680. 

7.  ANNUAL  FLOOD  DAMAGES  PER  RIVER  BASIN  PREVENTED  BY  BOTH  CORPS 

AND  SECTION  7  PROJECTS 

a.  ALBUQUERQUE  DISTRICT .  The  following  is  a  listing  of 
damages  prevented  by  Corps  and  Section  7  reservoir  projects  during 
FY88.  Total  damages  prevented  in  FY  88  are  $2,000. 

Damages  Prevented  in  ThousMlds  of  Dollars 
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FY  88 

Cumul  at  ivi 

Damages 

Benef its 

Basin 

Pro.iect 

Prevented 

Through  FY 

Arkansas 

John  Martin 

0 

87 , 609 

Pueblo 

0 

2,852 

Trinidad 

0 

0 

Canadian 

Conchas 

0 

81 

Rio  Grande 

Abiquiu 

2 

229,340 

Cochiti 

0 

249,834 

Galisteo 

0 

0 

Jemez  Canyon 

0 

10,639 

Platoro 

0 

4,508 

Rio  Grande  Fldw. 

536 

44,011 

Alb.  Div.  Channel  20 

,  990 

77,774 

Santa  Rosa 

0 

7 

Sumner 

0 

0 

Two  Rivers 

0 

6,862 

Brantley 

0 

Ci 

San  Juan 

Navajo 

0 

&0 

TOTAL  21 

,528 

713,567 

b.  FORT  WORTH  DISTRICT.  Annual  flood  damaees 

prevented  by  river 

basin  and  project 

for  both  Corps’  and 

Section  7 

lakes  are  shovjn  in 

Table  VI-I.  The 

table  presents  the  damages  prevented  for  both  FY 

1988  and  cumulative  through  FY  1988. 

TABLE  VI- 1 

FLOOD  DAMAGES  PREVENTED 

BY  PROJECTS 

FISCAL  YEAR  1988 

FY88 

CUMULATIVE 

DAMAGES 

BENEFITS 

PREVENTED 

THROUGH  FY88 

PROJECT 

fin  Sl.OOO’s) 

fin  $1 . 000’ s ) 

BRAZOS  RIVER  BASIN 

Aquilla 

$  0.0 

$  1,234.0 

Belton 

462.2 

118,597.7 

Georgetown 

4.1 

4,610.2 

Granger 

68. 1 

14,484.2 

Proctor 

1,011.9 

8,733.3 

Somervi 1 le 

0.0 

32,194.0 

Stillhouse 

54.7 

25,360.9 

Waco 

0.0 

60,053.9 

Whitney 

0.0 

134.777.0 

Subtotal  $1,601.0 

$400,045.2 

COLORADO  RIVER  BASIN 

Hords  Creek 

$0.0 

$  937,0 

0.  C.  Fisher 

0.0 

2,375.6 

Subtotal  $0 . 0 

$  3,312.6 
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Canyon 

$0.0 

$  58,878.3 

San  Antonio 

0.0 

117.514.9 

Subtotal 

$0.0 

$176,393.2 

NECHES  RIVER  BASIN 

Sam  Rayburn 

.761.3 

$  130.255.7 

Subtotal 

$2 

,761.3 

$  130,255.7 

RED  RIVER  BASIN 

Lake  0’  The  Pines 

$ 

497.6 

$  6,636.0 

Wright  Patman 

162.4 

13.859.4 

Subtotal 

$ 

660.0 

$  20,495.4 

TRINITY  RIVER  BASIN 

Bardwell 

$ 

0.0 

$  9,112.7 

Benbrook  1/ 

0.0 

51 , 449 . 4 

Big  Fossil 

0.0 

6,322.8 

Grapevine  2/ 

481.9 

943,202.2 

Joe  Pool 

0.0 

1,764.8 

Lavon 

0.0 

91,035.1 

Navarro  ‘Jills 

0.0 

27,732.0 

Subtotal 

$ 

481.9 

$1 , 130,619.0 

Grand  Total 

$5,504.2 

$1 , 861 ,121.1 

COLORADO  RIVER  BASIN  3/ 

Marshall  Ford 

$ 

522.2 

$191,415.6 

Twin  Buttes 

0.0 

4 1 8  .  C 

Subtotal 

$ 

522.2 

$191,83.3.  e 

Grand  Total 

$6,026.4 

$2,052,954 . 7 

1/  Includes  Fort  Worth  Floodway  System 
2/  Includes  Lewisville  and  Dallas  Floodway  System 
3/  Built  by  Bureau  of  Reclamation  but  under  Corps 
Corps  Flood  Control  Jurisdiction 


c.  GALVESTON  DISTRICT .  Damages  prevented  for  river  and  stream 
projects  were  impacted  by  the  near  drought  conditions  of  FY  1986. 
There  were  no  flood  damages  prevented  in  Galveston  District  during 
FY  88.  The  cumulative  total  of  flood  damages  prevented  at  the 
Addicks  and  Barker  projects  is  $161 , 754 , 000 .  The  cumulative 
total  of  flood  dcimages  prevented  for  all  Corps  projects  in  the 
District  is  $828,266,000. 


Flood  Damages  Prevented  ($000) 
Total  for  Cumulative 

FY  88  Total 

Addicks  and  Barker  1/ 

Brays  Bayou 
White  Oak  Bayou 
Lavaca-Navidad  Rivers 


0 

0 

0 

0 


161 , 754 
208,677 
20,917 
63:^ 
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Tr^-nquitas  Creek 

0 

5,333 

San  Diego  Creek 

0 

2,906 

Texas  City,  Texas  (Hurricane-Flood)  0 

10 , 614 

Torado  River,  Matagorda 

0 

844 

Galveston  Seawall 

0 

400,000 

Vince  Bayou 

0 

2,582 

Port  Arthur  (Hurricane-Flood) 

0 

6,000 

Freeport  (Hurricane-Flood  and 

0 

8,000 

Tide  Gate) 

Nueces  River  (Three  Rivers) 

0 

g 

Total 

0 

828,266 

1/  Pinev  Point  Gace-Flood  Stage 

50.0  feet 

(NGVD) . 

a.  LITTLE  ROCK  DISTRICT.  The 

annual  flood  damages  prevented  by 

river  basins  during  FY  88  in  the 

Little  Rock 

District  are  shown  in 

the  following  table  and  amount 

to 

$19,081,000. 

FY  88 

Damages  Cumulati' 

Basin 

Prevented  Through  FY 

Arkansas  River 

$ 

5,933,000  $315,575,1 

White  River 

X 

2,635,000  342,918, 

Little  River 

523^000  19^353J 

TOTALS  FY  88 

$  19,081,000  $677,8.36,1 

e.  TULSA  DISTRICT.  Flood 

damages  prevented  by  tlie  Tulsa 

District  Lakes  in  the  Arkansas 

and  Red  River 

Basins  during  FY  1988 

are  shown  in  the  following  table 

and  amount 

to  $142,144, 000 . 

CUMULATIVE 

ARKANSAS  RIVER  BASIN 

FY  1988 

THROUGH  FY  1968 

Arcadia 

— 

1 ,065,000 

Big  Hill 

66,000 

441 , 000 

Birch 

1,576,000 

8 , 878 , 000 

Canton 

275,000 

8 , 346 , 000 

Cheney 

228,000 

14 , 164,000 

Copan 

11 , 394 , 000 

104,985,000 

Council  Grove 

305,000 

17,757,000 

El  Dorado 

897,000 

15,235,000 

Elk  City 

4 , 760 , 000 

55, 587,000 

Euf aula 

11,209,000 

71,014,000 

Fall  River 

3,421,000 

42, 686,000 

Fort  Gibson 

2,542,000 

46,852,000 

Fort  Supply 

3,000 

3,  169,000 

Great  Salt  Plains 

2, 194,000 

39,641, 000 

Heyburn 

234,000 

7,681,008; 

Hulah 

20 , 746 . 000 

220 . 025 , 00'! 

lola 

1 , 520 , 000 

14,197, 000 

John  Redmond 

5.921,000 

66 , 739  ,  OC': 

T  •  -r  f'l  C- 

V  i  - 


Jenks 

318,000 

2,618,000 

Kaw 

9,913,000 

266,449,000 

Keystone 

15,680,000 

410, 194,000 

Marion 

1,545,000 

37,689,000 

Markham  Ferry 

580,000 

8,513,000 

Norman 

990,000 

12,516,000 

Oolagah 

11,988,000 

93,304,000 

Optima 

11,000 

Pensacola 

2,196,000 

49,384,000 

Sanford 

— 

162,000 

Skiatook 

7,197,000 

39,201,000 

Tenkiller 

2,642,000 

17,953,000 

Toronto 

4,949,000 

43,092,000 

Tulsa  &  West  Tulsa 

2,826,000 

261,372,000 

Wister 

9.005.000 

84.877.000 

Total  Arkansas  Basin 

137,038,000 

2,085,785,000 

RED  RIVER  basin 


Altus 

966,000 

4 , 729,000 

Arbuckle 

452,000 

Broken 

203,000 

15,737,000 

Denison 

85,000 

64 , 581 , 000 

Fort  Cobb 

46,000 

733,000 

Foss 

22,000 

2.811,000 

Hugo 

357,000 

8,286,000 

Lake  Kemp 

— 

3, 170,000 

Mountain  Park 

20,00D 

619,000 

Pat  Mayse 

134,000 

4 , 325 , 000 

Pine  Creek 

1,206,000 

12,860,000 

Sardis 

977,000 

6,599,000 

Waurika 

1.090.000 

22^275^000 

Total  Red  River  Basin 

5, 106,000 

147,178,000 

Grand  Total 

142,144,000 

2,232,963,000 

8 .  ANNUAL  FLOOD 

DAMAGES  BY  STAIR 

PREVENTED  BY  C0RP.i 

PROJECTS 

a .  ALBUQUERQUE 

DISTRICT 

Damages  Prevented 

State 

In 

Thousands  of  Dollars 

Colorado  0 

New  Mexico  *  21,528 

Kansas  0 


*  Primarily  the  Albuquerque  North  Diversion  channel  (Local 
Protection  Project) 

b.  FORT  WORTH  DISTRICT.  Flood  damages  prevented  by  Corps 
projects  during  FY  1988  in  the  state  of  Texas  were  $6,026,400. 
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c.  GALVESTON  DISTRICT .  There  were  no  flood  damages  prevented 
by  Corps  projects  in  the  state  of  Texas  during  FY  1988. 


d.  LITTLE  ROCK  DISTRICT .  The  annual  flood  damages  prevented 
in  each  state  served  by  the  Little  Rock  District  during  FY  88  is 
shown  in  the  following  table; 

FY  88  Damages 

State  Prevented 


Arkansas 


Levees,  Arkansas  River  (Little  Rock  District)  $ 

Reservoirs,  Arkansas  River  (Little  Rock  District) 
Levees,  White  River  (Little  Rock  District) 
Reservoirs,  White  River  (Little  Rock  District) 
Reservoirs,  Little  River  (Little  Rock  District; 


6,345,000 

578,000 

2,493,000 

8,874,000 

523,000 


Arkansas  Total 


$  17,813,000 


Missouri 


Levees,  White  River  (Little  Rock  District) 
Reservoirs,  White  River  (Little  Rock  District) 
Missouri  Total 


2 , 000 
1 ■ 266,000 
1 , 268.000 


TOTAL  DAMAGES  PREVENTED  FOR  FY  88 


$  19,081,000 


e.  TULSA  DISTRICT.  Annual  flood  damages  prevented  in  FY  88 
by  Corps  projects  in  FY  1988  for  the  state  of  Kansas  amounted  to 
$16,712,000;  for  Oklahoma,  $109,979,999;  for  Arkansas, 
$15,542,000;  and  for  Texas,  $219,000. 

9.  ANNUAL  FLOOD  DAMAGES  BY  STATE  PREVENTED  BY  CORPS  SUPPORTED 
EMERGENCY  OPERATIONS. 

a.  ALBUQUERQUE  DISTRICT.  None 

b.  FORT  WORTH  DISTRICT.  None 

c.  GALVESTON  DISTRICT.  None 

d.  LITTLE  ROCK  DISTRICT .  The  flood  damages  prevented  in 
FY88  by  Emergency  Operations  occurred  primarily  over  the  Christmas 
holiday  weekend  along  the  Arkansas  River  and  upper  Black  River 
basins.  Little  Rock  District  (LRD)  received  widespread  heavy 
rains  of  over  10  inches  in  many  locations  which  caused  severe 
flash  flooding  and  localised  high  water  in  most  streams  along  the 
Arkansas  River  and  upper  Black  River  basins.  LRD  assisted  the 
city  of  Shannon  Hills  in  preventing  7  homes  from  being  flooded  in 
the  vicinity  of  the  Otter  Creek  Channel  Improvement  Project. 
Hydraulics,  Emergency  Management  and  Navigation  Branch  personnel 
monitored  flood  threats,  notified  navigation  interest.^, , 
coordinated  with  levee  officials,  and  coordinated  with  state  and 
local  emergency  officials  and  analyzed  flood  damages  throughout 
the  holiday  weekend.  Contact  was  maintained  with  the  Tulsa 
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District  concerning  releases  into  the  Arkansas  River  and  its 
effects  on  localized  flooding.  Timely  decisions  were  made  and 
damages  were  minimized.  Field  Office  personnel  from  Clearwater 
Lake  monitored  the  rising  Black  River  in  the  vicinity  of  Poplar 
Bluff,  Missouri  and  patrolled  critical  areas.  The  North  Inter- 
River  Levees  were  watched  for  possible  problems.  No  pumping 
operations  had  to  be  conducted  since  crops  had  been  harvested. 
There  were  no  appreciable  cost  savings  in  Missouri.  Flood  damages 
prevented  in  Arkansas  are  as  follows; 


Location 

Description 

Damaces  ! 

Prevented 

Arkansas  River 

Loose  barge  rescued 

$50,000 

(barge ) 

$100,000 

( lock ) 

City  of 

7  homes  protected  by 

Shannon  Hills 

sandbag  operations 

$140,000 

Arkansas  River 

navigation  warnings 

$100,000 

Total  Damages 

Prevented 

$390 , 000 

Total  Cost  of 

Emergency  Operations 

$2,470 

e.  TULSA  mSTRICT^  Not  available. 

10.  HYDROPOWER  PRODUCTION. 

a.  ALBUQUERQUE  DISTRICT.  N/A. 

b.  FORT  WORTH  DISTRICT .  Hydropower  production  by  project  for 
Fiscal  Years  1984  through  1988  is  shown  in  Table  VI-2. 


TABLE  VI -2 


Gross  Generation 

Fiscal 

Project 

(MWH) 

Year 

Sam  Rayburn 

110,577 

1986 

147,319 

1987 

106,726 

1986 

97,971 

1985 

125,477 

196^ 

Whitney 

18,152 

1988 

110,216 

1987 

51,900 

1986 

57,529 

1985 

14,364 

1984 

c.  GALVESTON  DISTRICT.  N/A 

d.  LITTLE  ROCK  DISTRICT .  The  annual  hydropower  production 
at  LRD  plants  in  total  GWH  by  fiscal  year  is  shown  in  the 
following  tabulation. 
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Project 

1984 

1985 

1986 

1987 

1988 

Beaver 

117. 

8 

224.1 

215. 

8 

156. 

6 

192. 

4 

Table  Rock 

473. 

5 

888.3 

648. 

2 

434. 

7 

636. 

3 

Bull  Shoals 

702. 

5 

1402.9 

880. 

5 

572. 

2 

897. 

2 

Norf ork 

211 . 

1 

397.3 

215. 

9 

127. 

8 

223. 

9 

Greers  Ferry 

160. 

0 

317.3 

150. 

6 

106. 

9 

201 . 

8 

Ozark 

195. 

9 

439.9 

490. 

6 

343. 

9 

334. 

6 

Dardanelle 

599^ 

0 

826.9 

802. 

8 

833. 

3 

601^ 

8 

Totals(GWH) 

2459. 

8 

4496.7 

3404. 

4 

2575. 

4 

3088. 

0 

e-  TULSA  DISTRICT .  Hydropower  generation  at  Tulsa  District 
projects  for  FY  1984  through  1988  is  shown  in  the  following 
tabulation . 


HYDROPOWER  PRODUCTION 
FOR  TULSA  DISTRICT  PROJECTS 

NET  ANNUAL  GENERATION  IGWHl 


FY 

FY 

FY 

FY 

FY 

PROJECT 

1984 

1985 

1986 

1987 

1988 

Denison 

199 

343 

295 

533 

193 

Broken  Bow 

140 

230 

147 

88 

107 

Sub-Total 

339 

573 

442 

621 

300 

Keystone  ' 

234 

307 

333 

501 

180 

Fort  Gibson 

204 

322 

295 

288 

138 

Webbers  Falls 

190 

321 

351 

287 

103 

Tenkiller  Ferry 

78 

176 

172 

148 

75 

Euf aula 

195 

360 

336 

461 

198 

Robert  S.  Kerr 

526 

751 

126 

773 

371 

Sub-Total 

1,427 

2,237 

2,213 

2,458 

1,065 

Total 

1,776 

2,810 

2,655 

3,079 

1 , 365 

11.  LAKE  ATTENDANCE . 

a.  ALBUQUERQUE  DISTRICT .  The  following  is  a  listing  of 
attendance  at  Corps  and  Section  7  projects  in  the  Albuquerque 
District . 


Project  Attendance  in  Thousands 
Year 

Project  1984  1985  1986  1987  1988 
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Abiquiu 

331.9 

331.9 

571 . 4 

406.5 

512.3 

Cochiti 

519.5 

716.6 

978.1 

819.7 

867 . 2 

Conchas 

331 . 9 

449.7 

586.7 

406.8 

625.0 

Galisteo 

5.1 

7.6 

8.3 

5.8 

5.9 

Jemez  Canyon 

44.9 

51.0 

53.5 

53.3 

53.9 

John  Martin 

698.9 

742.5 

702.9 

1,012.7 

754 . 3 

Santa  Rosa 

240.8 

248.2 

233.3 

191 . 6 

156.1 

Trinidad 

164.9 

275.4 

274.3 

282.1 

395.9 

Two  Rivers 

11.6 

62.7 

17.6 

13.2 

11 . 3 

Pueblo 

906.8 

1,335.4 

1,509.1 

1,476.5 

1 , 365. 1 

Platoro 

21 . 5 

17.4 

13.2 

8.4 

8.8 

Sumner 

137.7 

129.7 

138.3 

95.5 

106.2 

Navajo 

485.1 

486.2 

527 . 6 

41’’. 0 

♦479 . 0 

*  Estimate 

b.  FORT 

WORTH  DISTRICT. 

Lake  attendance  for 

both  tlie  Fo. 

Worth  District 

Corps’  lakes  and  the  Section 

7  lakes  i 

s  present  1 

in  Table  VI-3.  The  attendance  is  presented  for  the  period  FY  19i 
through  FY  1988. 

TABLE  VI -3 

PROJECT  ATTENDANCE  IN  THOUSAND 

PROJECT 

1984 

1985 

1986 

1987 

1988 

Aquilla 

26.6 

100.4 

104 . 1 

105.0 

106. : 

Bardwell 

974.8 

984.7 

769.6 

780.0 

eoi .  0 

Belton 

2,355.3 

2,307.5 

2.504.1 

2,600.0 

2,701.0 

Benbrook 

3,083.4 

2,504.1 

2,584.6 

2,700.0 

2,570.0 

Canyon 

2,327.0 

2,316.8 

2,429.2 

2.000.0 

2,170.0 

Georgetown 

889.4 

1,064.7 

970.5 

800 . 0 

950 . 0 

Granger 

256.  1 

322. 1 

325.6 

340.0 

350 . 0 

Grapevine 

4,932.2 

4,315.3 

4,077.7 

4,200.0 

4,450.0 

Herds  Creek 

805.9 

578.0 

437.0 

450.0 

600.0 

Joe  Pool 

Lake  0’ 

“■  ”■ 

“*  ”■ 

2.0 

3.0 

The  Pines 

3,116.1 

2,392.2 

2,434.8 

2,400.0 

2,750.0 

Lavon 

3,121 .  1 

4,072.5 

3,652.9 

3,700.0 

3,950.0 

Lewisville 

6,482.0 

5,752.4 

7,204.3 

7,300.0 

6,990.0 

Navarro  Mills 

1,371.0 

1,540.5 

1,319.5 

1,400.0 

1,450.0 

0.  C.  Fisher 

1,328.9 

787 . 3 

534.7 

550.0 

610.0 

Proctor 

916.  1 

962.7 

928.2 

940.0 

965.0 

Ray  Roberts 

-  - 

-  - 

-  - 

1.0 

2.0 

Sam  Rayburn 

3,094. 3 

3,258.3 

3,319.6 

3,400.0 

3, 550 . 0 

Somerville 

2,057.8 

1,639.8 

1,380.0 

1,400.0 

1,460.0 

Stillhouse 

987.3 

915.2 

1,206.3 

1,300.0 

1,250.0 

Town  Bluff 

627.9 

707.7 

589.2 

600.0 

625.0 

Waco 

4,683.3 

4,599.9 

4,891.2 

4,900.0 

4,875.0 

Whitney 

2,056.1 

2,249,7 

2,350.2 

3,400.0 

2,750.0 

Wright  Patman 
Marshall  Ford 
Twin  Buttes 

2,220 . 9 

2,320.3 

NOT 

NOT 

3,072.6 

AVAILABLE 

AVAILABLE 

3,100.0 

2,990.0 
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c.  GALVESTON  DISTRICT^  N/A 

d.  LITTLE  ROCK  DISTRICT.  Annual  lake  attendance  at  all  LRD 
projects  in  visitor  days  by  calendar  year  is  shown  in  the 
following  table: 

1984  -  42.137,000 

1985  -  42,700,000 

1986  -  44,128,000 

1987  -  47.000,000 

1988  -  49,500,000  (estimated)  * 

*  equals  187,720,749  visitor  hours  (as  now  being  reported) 

e.  TULSA  DISTRICT .  Lake  attendance  figures  for  calendar 
years  1984  through  August  1988  are  tabulated  in  Table  VI-4. 
Official  visitation  figures  have  recently  been  converted  to  a 
visitor  hour  basis  (estimated  number  of  hours  spent  by  all 
visitors  to  the  project).  1984  and  1985  figures  are  shown  in 
recreation  days  (estimated  number  of  persons  visiting  the  project 
for  any  length  of  time).  1986  figures  are  shown  in  both  visitor 
hours  and  recreation  days  of  use,  and  1987  and  1988  figures  are 
shown  in  the  visitor  hours  only. 

12.  water  supply  STORAGE. 

a.  ALBUQUERQUE  DISTRICT.  Cochiti ,  Galisteo,  Jemez  Canyon  and 
Two  Rivers  projects  do  not  have  storage  allocated  for  water 
supply.  The  following  table  is  a  listing  of  reservoirs  with  space 
allocated . 

Storage  in  Thousands  of  Acre-Feet 


Storage 

Amount 

Number 

Water 

Supplied 

Pro.iect 

Allocated 

Contracted 

of  Contact 

FY  87 

FY  88 

Conchas 

254 

0 

0 

40. 1 

32. 7 

John  Martin 

345 

0 

0 

149.1 

213.1 

Santa  Rosa 

200 

0 

0 

31.0 

57.8 

Trinidad 

20 

0 

0 

17.8 

35.3 

Abiquiu 

200 

170.9 

1 

0 

0 

b.  FORT  WORTH  DISTRICT . .  Water  supply  information  by 
project  is  shown  in  Table  VI-5 


TABLE  VI-5 

Water 

Storage  Storage  Number  Supplied 

Contracted  Allocated  Contracted  In  FY  88 

Exoiect  NM>e  lAC-FTl  (AC-FT)  lUSERSl  lACiFTi 


VI-35 


Aquilla  Lake 

33,600 

52,480 

1 

2,400 

B.  A.  Steinhagen  Lake 

1/ 

1/ 

1 

1 , 944,200 

Bardwell  Lake 

21,400 

42,800 

1 

4,100 

Belton  Lake 

372,700 

372,700 

2 

55,200 

Benbrook  Lake 

23,708 

2/ 

23,708 

2/ 

1 

4,800 

Canyon  Lake 

366,400 

366,400 

1 

104 , 500 

Georgetown  Lake 

101 

29,200 

1 

6,700 

Granger  Lake 

0 

37,900 

1 

0 

Grapevine  Lake 

161,250 

161,250 

3 

36,300 

Hords  Creek  Lake 

5,780 

5,780 

1 

360 

Joe  Pool  Lake 

0 

142,900 

1 

310 

Lake  0’  The  Pines 

250,000 

250,000 

1 

12,900 

Lavon  Lake 

220,000 

220,000 

3/ 

1 

101 , 100 

Lewisville  Lake 

436,000 

436,000 

2 

155,800 

Navarro  Mills  Lake 

53,200 

53,200 

1 

7,000 

O.C.  Fisher  Lake 

80,400 

80,400 

1 

10,500 

Proctor  Lake 

31 , 400 

31.400 

1 

12,300 

Ray  Roberts 

749,200 

748,200 

2 

0 

Sam  Rayburn  Reservoir 

43,000 

1/ 

43,000 

n 

0 

Somerville  Lake 

143,900 

143,900 

1 

15,600 

Stillhouse  Hollow  Lake 

204 , 900 

204,900 

1 

66,310 

Waco  Lake 

104,100 

104, 100 

2 

23,700 

Whitney  Lake 

50,000 

50,000 

1 

1 , 700 

Wright  Patman  Lake 

91 , 263 

91,263 

1 

36,400 

1/  LNVA  is  permitted  to 

withdraw  from 

B.  A.  Steinhagen 

lake 

not  to  exceed  2,000 

c . f . s .  This 

lake  acts  as  a 

reregulation  dam  to  Sam  Rayburn  Reservoir.' 

2/  Remaining  48,792  ac-f't  of  navigation  storage  is  in  the 
process  of  being  negotiated  with  water  user. 

3/  NTMWD  has  given  assurances  for  an  additional  160,000 
ac-ft  of  storage  in  Lavon  Lake. 

c.  GALVESTON  DISTRICT.  N/A 

d.  LITTLE  ROCK  DISTRICT  Water  supply  allocations,  contracts  and  usages 
for  FY87  and  FY88  are  shown  by  project  in  the  following  table: 


Amount 

Amount 

of  Storage 

of  Storage 

Amount 

Supplied 

Allocated 

Contracted 

Number  of 

(AC 

-Ft) 

Project 

f AC-Ft) 

(AC-Ft) 

Contracts 

FY87 

FY88 

Beaver 

117,000 

40,000 

2 

31 ,165 

34,084 

Norf ork 

2,400 

2,400 

1 

2,430 

2,624 

Greers  Ferry 

3,215 

1,125 

3 

1,856 

1,870 

Nimrod 

33 

33 

1 

92 

87 

DeQueen 

17,900 

0 

0 

0 

0 

Gi Ilham 

20,600 

123 

1 

661 

627 

Dierks 

10,100 

190 

1 

246 

254 

Millwood 

150,000 

32,828 

1 

53,944 

54, 187 

VI-36 


e.  TULSA  DISTRICT .  Storage  allocated  to  water  supply  totals 
3,840,240  acre-feet  in  the  Tulsa  District.  The  Corps  has 
2,115,220  acre-feet  in  30  projects  while  the  Section  7  projects 
totaled  1,725,020  acre-feet  in  11  projects.  The  following  table 


(V-6)  is  a  project  listing  showing  water  supply  storage. 


yield , 


amount  contracted,  number  of  contracts  (existing  and  pending),  an 


usage . 
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DISTOICr  TCfTAL  41330.0  43503.3  42390.2  509923 

*Total  for  January  through  September  1988. 


TABLF  VI 


OJ 

o  o 

o 

O  (N 

o 

00 

if) 

SO 

in 

00 

r\ 

Oi 

in 

o 

in 

•H 

rH 

s 

f>0 

in 

n 

o 

so 

t" 

iH 

00 

SO 

(N 

so 

00 

iH 

in 

iH 

SO 

iH 

r) 

rH 

iH 

o 

M  O 

O  V 

O  Ol 

o  in 

in 

n 

00 

r- 

nj 

o\ 

in 

in 

00 

n 

r> 

o 

rH 

in 

o^ 

o 

n 

1— i 

r- 

(N 

iH 

< 

rS 

CM 

«• 

tH 

o  o  o  o  o  o  o 


o  o  o  o  o 


VD 


o 

o  o 

O  O 

o 

o 

o 

o 

o  o 

o 

o 

O 

a> 

o 

o 

o 

o 

o 

CD 

o 

o 

o 

O 

o 

r- 

o 

CO 

fO 

C^ 

o 

00 

a\ 

r> 

in 

in 

(N 

iH 

CM 

CTi 

rr 

nj 

<N 

CM 

(M 

iH 

iH 

o 

tH 

in 

CM 

<N 

r' 

in 

t 

• 

• 

• 

• 

• 

00  n 

o  r> 

SO  CN 

O 

o 

o  o 

rH 

CN 

rH 

(N 

rH 

in 

rH 

CN 

o 

o 

o 

rH 

o 

o 

o 

o 

o 

o 

o  o 

CM 

O 

O 

o 

g 

o 

m 

o 

o 

o 

o 

o 

o 

o 

O 

o 

o 

O' 

VO 

o 

in 

CO 

cn 

o 

O 

00 

OS 

n 

in 

00 

CM 

VO 

CM 

CJV 

CN 

CM 

o 

CN 

<■ 

tH 

CN 

in 

rH 

rs 

i 


V I  -  ?  8 


l•JI 

r«'^l 


HfMfMOlOOfMOtn 

VO  o  VO  (^  tn  ov  00 

1-1  VO 

in  ^  ^  o 


O  i-l  00  00  O  ^  00 

n  00  00  o  1^ 

r-  iH  t-i 

^  n  in 


VO 

o 

o  in 

rH 

cn 

O  !-• 

sn 

^  O 

o 

1—1 

Ov 

fN 

o 

VO 

r- 

in 

00 

iH 

o 

o 

r> 

n 

n 

o 

VO 

VO 

ov 

in 

in 

in 

n 

n 

n 

OHO 


O  O  r-l  O  O 


fM  O  O  O  O  1-1  O 


r>HHr>«oinoooMfn 


O  r>  H 


o 

O 

o 

O  00 

O 

O 

n 

o 

O 

ov 

o 

VO 

O 

in 

o 

n 

n 

n 

rg 

^r 

00 

00 

<N 

r- 

iH 

n 

<N 

n 

rH 

H 

o 

o 

o 

o 

VO 

O 

ov 

o 

o 

o 

in 

O 

CO 

VO 

cc 

rg 

ov 

CO 

ov 

00 

H 

o 

rv) 

ov 

H 

H 

M 

H 

o 

3 

154 

4.5 

VO 

VO 

0.1 

r» 

o 

• 

o 

in 

VO 

«-l 

eg 

rH 

eg 

<N 

r- 

1—1 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

o 

o 

o 

n 

VO 

eg 

<JV 

o 

in 

VO 

VO 

'T 

rg 

Q 

H 

o 

00 

eg 

VO 

rg 

in 

V 

eg 

r- 

Gv 

OV 

O' 

5 

rH 

CN 

n 

r> 

VO 

og 

fH 

in 

6 

ov 

in 

in 

H 

n 

H 

rH 

eg 

rH 

rH 

I 


VI-39 


TABLF  VI 


%  d 


in  o 
r» 

Oi 

(S 


VO 

00 

VO 

CO 

rH 

na 

in 

00 

00 

n 

in 

Ov 

o 

ov 

rH 

n 

rH 

VO 

rH 

1— I 

VO 

H 

rH 

in 

o  a^ 

<N 

nj 

C\ 

rvi 

rH 

VO 

rH 

r) 

00 

o 

ov 

OV 

rH 

CM 

n 

CM 

os 

o> 

<N 

VO 

rH 

rH 

a\ 

iH 

r- 

nj 


CO 


o 

o 

<Ti 

in 


o 

00 

a\ 

VO 


o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

in 

O 

o 

ov 

in 

n 

VO 

O 

ov 

in 

(N 

IN 

00 

n 

CO 

OV 

o 

<N 

VO 

r- 

VO 

rH 

rH 

«N 

fN 

o 

in 

Ov 

CO 

CO 


VI-^IO 


ALBUQUERQUE  DISTRICT 


s 

<  «  1 

o 

0 

0 

D 

o 

o  o 

0 

0 

0 

«  o  < 

9 

> 

rs. 

•  • 

•  •  • 

<9  0.  t 

r* 

r. 

o 

m  o 

•-  o  ^ 

O  ^  1 

» 

«• 

• 

♦ 

«  9  ( 

«« 

♦ 

•o 

^  CD  1 

1 

ri 

<N 

(n 

1 

1 

m  o 

O  O  ^ 

0. 

1  •-  1 

O  »> 

« 

tc  *  1 

o 

hJ  UJ  1 

o  o  o 

rt 

u 

a,  u  1 

o 

«n  «J  1 

o  o  o  o  o 

o 

^  <  1 

9  9-^ 

• 

«  ^  1 

o  0 

o 

o  O  1 

»  *  • 

o 

(J  1 

1 

1 

«  ^  e 

»•  o 

•4 

M 

o  o  o  o  o 


o  o  o  o  o 


o 


o  o  o  o  o 


X 


o 


^  o  o  o  « 


6C 

o 


X 

o 


o  o  o  o  o 
w  • 


o  o  o 


•  H 

-J  0 

O  X 

X 

9  a 

o 

9  u 

M  «J 

^  « 

U  0 

3  Ui 

X  X 

^  yj 

«  o 

X 

o 

Z  o 

u 

<  •• 

^  Ul 

&  < 

o  o  o  o  o  o 
c 


o  o  o  o  o 
•  •  *  •  * 
o  o  o  o  o 


o  o  o  o  o  o 
o 


o  o  o  o  o 
o  o  o  o  o 


CA 


o 

u 


Q 

•i^ 

^  ►** 

«  « 


w 

o 


o  o  o  o  o 
o  o 

•l  «• 

rv 


r«  o  o  o  C4 
o  o  o  ^ 


yi  •« 


X 

« 

fiC 

o 

o 


Ul  <A 

o  tu 


0 

o  O  O  O  o 

X 

A. 

9 

o  o  A  O  O 

O  O  O  Vi* 

O 

O 

9  9 

• 

A  1 

O 

W 

fs  fs 

CM 

Ul  1 

•• 

u 

e  1 

0 

Ui 

X  1 

Ui 

V 

X 

9  1 

»» 

0 

Ui 

1 

M 

9 

1 

0 

0  1 

% 

O 

0 

W  1 

0 

O 

X 

rf  1 

X 

•«  0 

Ui 

X  1 

o 

o 

0 

O  1 

M 

O  X 

X 

Ui  9 

9 

I 

« 

a  ^ 

X 

X  1 

X 

X  3  O  ^  ^ 

»• 

Ui  1 

*2*5:-^ 

0 

9  X 

Ui 

10  O  W  O  < 

X 

«i  < 

<■  O  ag  o  < 

U.  Ui 

o 

«  1 

o 

c 

^  1 

II  1  1  1  o 

u 

>  ' 

1  1  1  1  o 

X 

0 

9 

M  : 

m 

Ui  0 

Ut 

9  I 

0 

0 

O  yi 

9 

a 

0 

C 

«  0 

t  < 

yi 

« 

•J 

O 

O  9 

X 

u 

Ik 

u 

W 

w  u 

o 

O 

O  X 

1  yj 

« 

w 

0 

0 

X 

X 

9 

Ui 

« 

Ui 

o 

A  . 

f  <9 

m 

C  ' 

0 

0 

X 

0  Ui 

X  ►- 

o 

3 

9 

9  O 

w 

X 

Vl-i)  7 

X 

X  z 

STATION  6UHHAKY 

COOr-efiATIVE  STIKCAH  gaging  T'ROGRAN 
FISCAL  YEAR  l?Be 


C  ►- 
«S 

iK  O 
O 

O  O. 
dc  3 


o  o  o  o  o 
^  < 
>  G  o 

rs.  <  ♦ 

fs,  f*l  •« 

♦  n  fs. 


o  o  o  o  o 

O  O  o  V*) 

o  ^  rt 


y? 

X 

o 

u 


«  X 

^  u 


«  O  O  O  f*l 
^  •• 


r<<  O  o  o  A 
00  A 


Vi  ^ 

ft.  < 

e  o 
u 


o  o  o  o  o 
w*  ri  ^ 


*4 

(H  <o 


o 

o 


I  o  o  o  ^ 


«i4  o  O  ( 


o  o  o  o  e  o 
o 


o  o  o  o  o 
♦  •  •  •  * 
o  o  o  o  o 


1 

o 

p 

p 

p  p 

P 

X  ) 

p 

Vi 

V^ 

• 

«•  1 

o 

rt 

rt 

P 

O  1 

* 

* 

» 

P 

1 

e 

M 

04 

1 

Vi 

P 

u 

1 

fS 

P 

1 

hO 

1 

1 

Vi 

1 

•  ^  1 

A 

-J  tfl  1 

P 

P 

p 

P  P 

n 

O  X  1 

«« 

* 

X 

X 

P  O  1 

p 

e 

P  U  ( 

• 

P 

••  ^ 

1 

O 

^  < 

1 

3 

u  P 

1 

3  W 

1 

P  X 

1 

X 

^  Ui 

\ 

O 

(0  o 

t 

w 

X 

1 

o 

X  o  1 

o 

0 

0 

0 

0 

o 

u 

p  ••  1 

• 

^  Ui  1 

p 

t  ft.  « 


«  o  o  o 


00  o  o 
•  r«  »• 


o  o  o  o  o 
•  •  »  «  • 
m  o  p  O 


P  p  o  o  o 
•  •  •  •  • 
P  O  P  P  P 


1 

1 

P  1 

1 

O  > 

1 

(J  1 

P  P  p  P  P 

1 

1 

•  •  •  •  * 

cn  i 

P  P  P  P  P 

p 

P  P  P  P  O 

X  1 

Z  1 

• 

o  > 

W  1 

p 

•• 

tm  1 

p  1 

X 

-i  >•  1 

1 

p 

P  P  1 

1 

X 

P  P  1 

1 

a 

yi  tm  1 

1 

a 

X  H>  1 

i 

«• 

X 

W  P  1 

1 

X 

a 

o  yj  « 

1 

P  O  P  P  P 

X 

p  1 

m  1 

e  o  o  e  o 

X 

3 

Z  1 

ly  1 

o 

O  O  O  o  o 

e 

e 

tm  1 

M  1 

• 

a 

a 

p 

1 

O  1 

p 

p 

»• 

u 

I 

3  f 

a 

a 

p 

1 

^  1 

X 

p 

>► 

X 

1 

«  t 

3 

a 

p 

1 

P 

3 

t 

a 

M 

1 

P 

V 

o 

a 

1 

P 

a 

p 

X 

1 

a 

X 

••  a 

p 

1 

< 

o 

a 

a 

I 

s 

M 

c 

1 

y> 

p  3 

3 

1 

« 

ap 

X 

1 

a  a  10  ^ 

X 

X 

1 

p 

3  X  a  ^  ^ 

a 

3  K 

P 

1 

10  o  10  o  « 

X 

«  a  «  o  « 

p  p 

a 

i 

p 

p 

a 

p 

p 

1 

m, 

1  1  f  1  o 

u 

3 

1  1  1  1  Q 

x 

a 

a 

1 

Vi 

m 

pm 

M 

WM 

1 

p 

p 

p 

3 

a 

• 

SIS 

p 

1 

p 

p 

p 

a 

a 

C 

•- 

1 

u 

p 

p 

« 

a 

O  3 

p 

1 

u 

1 

o 

« » 

i. 

u 

p 

P  u 

pm 

1 

a 

a 

o 

O  3 

1 

p 

p 

P 

1 

p 

X 

a 

X 

X 

3 

1 

P 

p 

p 

« 

p 

ly  •• 

a 

1 

a 

p 

a 

o 

a 

a  p 

1 

X 

X 

K 

s 

p 

1 

3 

3 

3 

3  e 

1 

X 

X 

X  X 

VI-42 


IMINICII  or  OAOlNt  •TAT10NS/IITC8I 

NUHWR  or  OMCO  fUHOfO  100*  »T  COOf  f«00«0«« 
NOTEi  INCLUKO  OCR  CORRO 


^  STATION  SUNNART 
COOFERATIUE  stream  0A6ING  FROGRAN 
fiscal  tear  1980 


VI-U4 


NUHtCR  OF  OMINO  STATIONS/! I TEI I  74 

NUNSER  OF  OASES  FUNDED  lOOX  ST  COOP  PPnf»A>. 

mote;  includes  aer  funds  program; 


STATION  SUHNARY 

CDOF’ERATIVE  STREAM  GAGING  PROGRAM 
FISCAL  YEAR  1980 


s  »- 

<  X  1 

P 

n  p 

r 

0 

o 

P  P 

P 

o 

1 

X  o  1 

P 

P 

•  • 

• 

• 

1 

O  X  1 

in 

C* 

rv 

ri 

P  P 

o 

1 

O  t 

» 

%  * 

A 

p 

p 

1 

«  3  1 

p 

P  m 

o 

•14 

1 

^  (A  1 

s 

m  •« 

p 

1 

( 

r4 

n 

1 

1 

» 

1 

t 

9N 

•N 

tn 

*•  '  tr 

tt  «  X 

O  Ui  Ul 

u  ^  u 


».  e  o  e  M 
■«  o  o  fs 


o  o  o  o  o  o 

e  »  m  • 

n  ■ »  •«  o 

•  »  •  *  o 

w  ^  «  •• 


o  o  e  o  o 


o  o  o  o  o  o 

o  ^  m  ^ 

n  fli  ««  o 

«  Mi  *  «  o 

«  in  m  •« 


o  o  o  o  p 


o  o  o  o  p 


o  o  o  o  o 


«•  O  O  O 
K  O  O  rv 


P  O  p  O  P 


p  p  p  o  m 

M  «  O 


O  P  P  P  P 
«  •  •  •  • 

p  p  p  p  p 


P  P  O  P  P 


p  p  p  o  m 
m  p  p 


p  p  p  p  p 
•  •  •  •  • 
p  p  p  p  p 


p  p  p  p  p 
*  •  •  •  • 
p  p  p  p  p 


P  P  P  O  P 
p  p  p  p  p 


1 

a 

1 

o  o  o  o  o 

X 

p  1 

•  •  •  •  • 

A 

a 

Ul  1 

0 

0 

0 

0 

0 

P 

o  o  o  o  o 

e 

o 

***  1 

• 

a 

1 

o 

p 

A  1 

O 

p 

1 

»« 

u 

a  1 

a 

1 

p 

p 

^  1 

X 

1 

p 

>> 

X 

p  1 

a 

t 

p 

p 

1 

p 

1 

a 

1 

1 

p 

M 

1 

p 

1 

V 

O 

p 

I 

p 

1 

p 

O 

X 

1 

p 

( 

X 

««  P 

p 

1 

p 

1 

o 

a 

a 

1 

e 

1 

M 

o  X 

X 

1 

1 

¥* 

p  a 

a 

1 

p 

1 

X 

a  p 

X 

1 

X 

1 

p- 

X 

t 

a  9  p  ^  ^ 

p 

i 

X  a  p  ^ 

m 

a  X 

p 

1 

p  o  p  o  « 

X 

1 

P  O  P  o  < 

p  p 

e 

1 

Ul 

< 

1 

p 

e 

« 

X 

1 

1  1  1  1  e 

u 

a 

1 

1  1  1  1  o 

X 

p 

o 

1 

p 

p 

M 

1 

M 

p  p 

1 

p 

p 

Ul 

a 

t 

a% 

o 

o  w 

p 

1 

p 

p 

p 

o 

t 

m 

X 

c  a 

p 

1 

< 

p 

1 

X 

o 

m  a 

X 

1 

1 

•j 

u 

1 

o 

u 

p 

1 

u 

p 

P  u 

M 

t 

A 

e 

I 

o 

O  X 

p 

1 

M 

1 

p 

M 

p 

1 

P 

X 

1 

o 

X 

X 

a 

1 

p 

< 

p 

1 

X 

p 

p  ** 

a 

1 

o 

P 

p 

1 

p 

m 

a  p 

1 

s 

X 

1 

X 

C 

o 

1 

a 

a 

1 

a 

a  o 

1 

u 

X 

( 

X 

X  X 

VI-H5 


SECTION  VII  -  RESERVOIR  DATA  SUMMARY 

1.  SWD  MAP 

2.  INDEX  BY  BASINS 

3.  INDEX  IN  ALPHABETICAL  ORDER 

4 .  DATA  TABLES 


O  w 
<t  2 


CL. 

£ 

£ 

•J) 


> 

CO 


z 

<I 


<r  <r  f)  ji'/  <(  'O  rv  co  co  o*  o* 


O  ^  ^  Cm  r-i 


.  ro  V  V  u" 


i.i'C'C  N.Nc:G:i‘>  >oc 


* 

o 

o 

o 

Ci 

M 

CO 

O  W 

0- 

o 

LI 

-o  m 

OD 

O' 

rj  o 

O  'O 

o 

n 

in 

< 

O'  O  N 

CO 

KJ 

X 

X 

03 

ot 

o  o 

«■ 

u. 

u 

c 

o 

>0 

to 

0- 

fO 

0^ 

u") 

X  cc 

X 

<T 

X 

fn 

Ij*>  ^ 

<t 

\n 

CO 

m 

Q 

X 

-c 

'C 

a 

<■ 

^  X 

Ch 

O 

X 

c 

CO 

<} 

<i 

X 

>- 

<x 

u. 

X 

fr. 

X 

m 

<>• 

r4 

0- 

Ci 

fj 

rj 

r4 

a 

ct 

U*) 

in 

C-i 

c^  in 

Ci 

•-<  c 
u  o 
<r  o 

Ct  *■  i/) 

-I  2 

-  O 


rv  r/  cc  w  f> 

UT  o  ^  o"j  n  ^ 

'O  N.  o  r  ^  ^ 

^  r  j  M  ^ 


^^^rvrvCr  woi’ 
■>0  y3  i:!  o  ui  f  i  M  — 

rj  Ki  fH  ^  ^  <1 


»  ^  ^  r*  to  *C  rt  O'.  IT)  ^  Kl  00  <1  fj  r,  O  b"'  UT  V  o  u".  o  c^  ^  >0  CQ  ^ 
s  oi  n  f-4  iiT  ro  ^  ^  o  ri  ci  kj  c]D  CD  rv  o  <  •€  iiT  ri  »T  n  rj  ^  r>i  r.  t>- 
m  t*i  'Oriro.H'Of^O'^^H  <m 


o 

o 

c 

c 

c 

o 

c 

o 

o 

o 

o 

O 

o 

c 

c 

o 

o 

c 

c 

c 

o 

o 

c 

O 

o 

o 

c- 

o 

o 

o 

c 

o 

c 

c 

o 

c 

o 

c> 

o 

c 

c 

c 

o 

o 

o 

o 

o 

c 

X 

o 

o 

o 

U*5 

t*) 

o 

c 

c 

11*3 

o 

11*5 

o 

c 

o 

o 

c 

o 

o 

o 

11*5 

c 

c 

c 

c 

o 

o 

c 

o 

•T 

o 

o 

o 

b* 

o 

o 

o 

LI 

o 

X 

X 

X 

o 

c 

O' 

X 

a 

<r 

tH 

X 

111 

X 

un 

r. 

O' 

O' 

00 

CD 

bT 

o 

r-4 

X 

CO 

bT 

O' 

O' 

GO 

cc 

O' 

X 

z 

m 

ro 

O' 

® 

•<» 

03 

O' 

>0 

X 

ri 

m 

CO 

ro 

CO 

04 

>0 

'O 

K 

X 

C4 

00 

u*. 

o 

b'J 

H' 

00 

o 

•o 

X 

CJ 

ro 

Ci 

O' 

c 

o 

*0 

li*) 

liT 

03 

a 

CO 

ro 

O 

«-4 

X 

r- 

O' 

Cf 

CO 

CD 

'O 

X 

X 

X 

X. 

ti 

X) 

o 

X 

>0 

b'' 

'O 

CJ 

0- 

o 

X 

o 

•o 

o 

bT 

*-> 

—* 

o 

Kl 

■»-i 

w 

•-• 

n- 

r-j 

M 

Ci 

II. 

o 

o 

c 

o 

o 

o 

c 

o> 

c 

o 

o 

o 

o 

c 

o 

c 

c 

o 

c 

o 

o 

o 

o 

c 

o 

o 

c 

o 

o 

o 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 

o 

c 

o 

c 

o 

o 

c 

o 

o 

'O 

<r 

o 

'O 

o 

o 

c 

c 

b*l 

u'J 

u'i 

o 

c 

o 

o 

o 

b' 

o 

o 

c- 

o 

L'i 

o 

o 

o 

o 

c 

o 

o 

o 

bO 

o 

r. 

o 

o 

o 

c 

in 

o 

UT 

Ci 

o 

'O 

O' 

o 

bl 

Kl 

4H 

cc 

CJ 

CD 

00 

rt 

o 

o 

CJ 

o 

o 

O' 

LI 

X 

c 

CJ 

o 

X' 

<■ 

bT 

>0 

b*> 

o 

c 

2 

CJ 

4-1 

n 

bT 

X 

'0 

00 

Ci 

in 

CJ 

ro 

4-1 

CJ 

Ci 

<1 

o 

X 

b‘i 

m 

?n 

in 

Kj 

X 

L~i 

K) 

4-1 

0- 

m 

o 

XI 

>0 

c 

r-i 

o 

00 

•o 

u_ 

o 

O' 

b”) 

2  00 

CJ 

OD 

< 

Kl 

o 

X 

X 

0- 

0- 

X 

00 

o 

X 

X 

X 

X 

ii*» 

b"^ 

CJ 

X) 

o 

X 

b'l 

•c 

Ci 

O' 

o 

X 

o 

o 

o 

b*> 

u 

'O 

n 

IH 

— * 

4-4 

4-4 

4-4 

CJ 

CJ 

CJ 

4-4 

4H 

'i  £ 
>-  o 
u 


<I 


A 

<  CO  r  .  u*.  c:  r  i 

CL  'O  U*  Jj"  ^  ^  >0 
kJ 

r> 


o  o  c 

U  £  £  £ 

^  V  s,  V 

t-t  CO  CL  CL  CL  O  CO 

X  <.  <  <t  <L  X.  <1 


CL  CL  CL  CL  Cl  CL 


ifi 

<E 

CO 

CL 

UJ^CD^^©'C.*H^OOO'C*^’^-'O0'CJOOii')CD^O^r4Cf-4&'U")l“J0DfJC0'0^O 

:>Nrsii'5<,aifv<r'C«*)^^'CX<ji~QOrvcorvrsNO'C'OV'Ci,‘)Nb‘>rt<i'Or^c^tr'Or^ 

CL 

cn 

't  tn  trt  cr. 

cn  ^  i<: 

2  X  XX 

<  a  O  O  cn  <Xi  L  iL  L  L  cn  (fi  <fi  ^  ':L  iL  iL  xC  (ff  (f>  </>  ^  :x:  jL  iL  X  X  X  jL  iL  L  L  ^  L 

^OULj^^0000^^^;^0OO0O00^i^i^C00OO2h-»-00O000 


X 

iL 

A 

A 

c* 

c 

CL 

L. 

CL 

z 

2 

z 

cc 

cc 

u 

cc 

cc 

u: 

jL 

u; 

c 

« 

« 

L 

A 

u 

DO 

cc 

u 

UJ 

uJ 

A 

A 

cc 

u: 

cc 

cc 

cc 

z 

z 

cc 

CL 

LU 

X 

UJ 

u 

cn 

cn 

UJ 

cc 

in 

to 

D 

X 

X 

X 

« 

o 

CL 

cn 

Cc: 

in 

2 

in 

cn 

X 

J 

X 

cc 

u 

«-t 

•-4 

A 

o 

CL 

>-■ 

'v' 

>-■ 

X 

X 

z 

2 

cc 

X 

X 

X 

z 

<x 

o 

2 

<c 

o 

<C 

X 

cc 

-J 

cc 

X 

C_) 

cc 

cc 

3 

4X 

X 

c 

<c 

Ct 

cc 

A 

£ 

Ui 

cn 

X 

cn 

X 

X 

cn 

u. 

CTj 

< 

X 

X 

CD 

Ul 

X 

CD 

CD 

o 

z 

c 

o 

o 

o 

X 

o 

X 

X 

Ul 

<1 

u 

c 

X 

4l 

Ul 

Ui 

UJ 

X 

2 

-J 

z 

c 

2 

2 

X 

2 

2 

u 

X 

X 

X 

>- 

z 

I 

z 

X 

X 

o 

x 

z 

X 

X 

z 

z 

A 

A 

u 

z 

z 

z 

UJ 

X- 

X 

X 

X 

C_l 

X 

CD 

2 

<x 

X 

•« 

Ui 

X 

A 

Ui 

u 

X 

A 

A 

in 

X 

in 

in 

X 

X 

c 

X 

« 

<. 

X 

u 

<I 

4l 

<c 

CL 

X 

CL 

< 

X 

c^ 

ic: 

U- 

u 

-J 

ii^ 

cc 

.J 

CD 

cc 

2 

u 

X 

£ 

cc 

cc 

o 

X 

o 

o 

o 

o 

z 

2 

X 

u 

J 

u 

z 

►— 

X 

£ 

I 

o 

-J 

X 

cc 

X 

Cc: 

< 

cc 

-<I 

QC 

o 

UJ 

<E 

_J 

X 

Ul 

< 

cc 

o 

UJ 

UJ 

Ui 

o 

UJ 

UJ 

u 

A 

_J 

4l 

X 

o 

cc 

c 

cn 

3 

3 

3 

2 

A 

X 

&. 

« 

2 

3 

-« 

cn 

Cu 

X 

u. 

UJ 

A 

X 

u 

_J 

A 

X 

X 

X 

z 

u 

z 

z 

z 

z 

X 

u 

u 

z 

3 

z 

u 

UJ 


cn 

2 


*“  CL 
X  •-* 
>-  CO 


z 

X 

X 

CL 

A 

4 

CL 

A 

Ui 

_i 

_J 

— • 

UJ 

CL 

X 

CL 

UJ 

Ci 

> 

Cl. 

r> 

A 

X 

UJ 

cc 

z 

X 

cc 

z 

£ 

A 

o 

z 

z 

2 

-J 

u 

UJ 

X 

jC 

-J 

cc 

cc 

X 

X 

CL 

4 

J 

CL 

o 

o 

o 

4 

£ 

X 

UJ 

u 

<I 

UJ 

UJ 

X 

Ui 

x 

X 

£ 

4 

X 

X 

u 

CL 

X 

£ 

o 

o 

X 

u 

A 

cc 

o 

< 

UJ 

X 

> 

2 

4 

X 

A 

A 

A 

UJ 

<w 

<x 

cc 

x 

:;C 

<c 

A 

X 

z 

z 

o 

X 

X 

_J 

I 

o 

CL 

4 

u 

Ui 

o 

X 

X 

X 

X 

A 

z 

cc 

X 

CL 

3 

X 

o 

A 

£ 

X 

o 

cc 

X 

A 

X 

X 

4 

o 

X 

Ui 

X 

z 

CL 

u 

x 

X 

CL 

4 

cc 

z 

Ui 

Ul 

o 

cc 

cc 

.J 

X 

UJ 

cc 

X 

X 

X 

z 

u 

X 

X 

X 

z 

x 

X 

X 

u 

o 

4 

UJ 

t-4 

X 

o 

4 

UJ  ' 

_J 

-J 

u 

UJ 

A 

z 

z 

2 

o 

•4 

X 

A 

o 

-J 

o 

4 

4 

u 

4 

X 

X 

z 

X 

z 

X 

UJ 

X 

A 

.L 

u 

u 

£ 

L 

<I 

A 

A 

UJ 

u 

UJ 

X 

I 

UJ 

A 

3 

Ui 

> 

V 

or 

J 

X 

_J 

J 

Cu 

cc 

X 

c 

X 

cc 

z 

z 

cc 

A 

z 

z 

CL 

« 

Ui 

<r 

X 

o 

Cl 

X 

cc 

o 

X 

_J 

c 

cc 

UJ 

UJ 

Cl 

4 

X 

o 

X 

o 

X 

u: 

UJ 

X 

o 

4 

o 

Ui 

4 

o 

Ui 

UJ 

o 

4 

O 

-1 

A 

X 

A 

z 

u 

X 

Ci. 

X 

u 

Ui 

ID 

u: 

I 

X 

u 

Ui 

A 

o 

X 

u 

A 

X 

z 

u 

u 

£ 

—> 

Li. 

u 

3 

X 

X 

X 

Z 

a. 

Cu 

s  <x « 
:  cn  2  i-H  j 
:  o  a  3 


VII  _ 


KERR  Lti  ;5  ARKANSAS 


1  At.f  tAHLt  INUlx 


c.  ho  <r  ^ 

f  .  Ci  Ci  Ti 


.  ( -«  r4  r;  r<  r,  Ci  "•.  r;  rj  'r. 


ooooo^oorsoocoooo 
o  r:  o 


'O  rx  -c*  CO  'C  uT  u*;  uT  a-  o  o  o  fi 

^  rj  ii*3  «r  (£  rj  -o  «  rj  cc.  ut  ■£*  rv  ^ 


ocoococccocococo 

OU'OOOOOOOOOOOOOO 


cooooccooocooooc 

ooooooooocoooooo 

^  n  ®  ^  rs  u*J  O'  —  Ki  >0  r  ^  a  a 
^fv(^rsMCDCD'0^^ro«HCh-a3'0^ 
^  ^  ro  ro  M  M  r.i  rj  Ci  r-t  ci  ^  ^ 


00'0'Ch<'>‘  O  O-  a  O  COCDCDflOrsN 

rs<^>o*0'0<‘'0'0«r>Ci'0'0'C'0'0'0 


^j^i:ci:£o:(:£i:^£Ci:£i:ci:c:cc:ci:i:::cc:cc: 


^  f  i  r;  ro  ^  ^  LT  ii'j  •>0  rv  rv  oci  0“  0*.  c  c  ^ 


wOil')0^^'000'l^‘)CD£^COO•-^C^^.  r*;CSO 
fi  r4  rj  <  00  'O  ro  'O  O'  ’O  rj  o  CD  ii")  ©  00  -c  UT  ©  00 

^  ^  ^  ®  Kj  V  f  'O  U*)  li") 

r-j  *-*  rj 


>0  O'  r*  o  CD  ri  •<)  ro  ^  Cl  rv  CD  (>>  b"!  ro  c  i^.  n  ^ 

^  o  O-  o  b">  fv  r''.  CO  »-*  Cl  c  ii"!  rv  ^  ro  ro  r*"!  o  ^  uT 

•«  r  i  r  i  fi  X  ^  ^  n  »-4  ch  C  i  -H  C  i 

Cl 


o©oco©c©oc©©©©©c©©cc 
o  ©  c  iio  c  ©  M  ©  yo  bo  ©  uo  ©  g-  ii")  o  ij-t  o  \n  n 

f4^’*ocl©^b^©b')©r^.rv©^sr-^t>'^  cvckck 
C  ^  b")  'O  O  L'  ©  ^  O'  o  O  ro  ffi  C  i  C'  <  b")  ©  b1  «r 
u*i  ^  -H  c^  •<)  ro  ©  "O  b*)  ^  •c  ^  ^  >0  ^  in  ID  Ci  Ci  r; 


©ccooo©©oco©©©o©o©o 

O  ©  ^  ©  ©  O  ro  ©  ©  ©  y“>  b*)  b“)  ©  O  ©  C  ,  ©  b-^ 

^  Cl  C-4  CJ  N  --  O'  ^  ro  O'  N  Ci  'O  O'  ©  © 

^  bD  sD  ^  fv  ^  Cv  b'^  O  ©  ^  O'  K)  ©  Ci  n  Ci  Ci 

'  ^  O-  b*)  fO  ©  -o  bT  ^  b*)  V  ^  bT  ^  b*)  b"^  C'l  C-i  C  i 


©  'Ob'icvm^CKC'.  b*  Kffiv^TO'O'NsONO'Oo© 
*-^CsNfv<b‘)'0^©'0©CvO'OrvNN'Ob‘)0 

a: 


C0^-00C0»~0*-0000«<l«©Ki- 


Ki  r<i  ^  «r 
^  ^  ^  ^ 


c  c 

^  o 

•  -  2 

2  ^  —  hh 

t-t  s:  ©  in 

in  ^  « 

©  A 


^  «  «•  »  « 

©aaaaaaaaaa 


©  A  ©  O  A  u 
CiC:4iL:£.iLiL3J 


U. 

Ui 

2 

UJ 

2 

2 

2 

2 

2 

Uw 

Uj 

2  Ui 

U 

C 

2 

> 

2 

2 

© 

Cs: 

u< 

2 

2 

UJ  CL 

2 

2 

O 

2 

<X 

u 

CL 

CL 

UJ  UJ 

UJ  o 

2 

2 

2 

U 

© 

iC 

© 

© 

© 

w 

© 

© 

© 

© 

© 

© 

© 

© 

© 

U 

UJ 

UJ 

2 

2 

*-* 

2 

2 

2 

2 

2 

© 

© 

<x 

“) 

<E 

© 

UJ 

© 

© 

© 

© 

© 

C 

© 

A 

CL 

© 

© 

CL 

cc 

U  © 

C 

X 

►-* 

O 

o 

2 

© 

£ 

© 

3 

© 

W 

© 

© 

© 

X 

© 

© 

© 

© 

© 

© 

© 

UJ 

Ui 

►- 

Cd 

►- 

U 

u 

2 

2 

o 

UJ 

© 

2 

2 

u 

Ui 

2 

© 

<t 

2 

<t 

2 

2 

2 

H- 

2 

2 

u 

2 

2 

2 

2 

2 

2 

2 

CL 

h- 

H-4 

UJ 

»-K 

UJ  Ui 

M 

_J 

1- 

« 

2 

X 

2 

ul 

<Z 

UJ 

4X 

NH 

■« 

© 

C£ 

© 

© 

© 

© 

© 

© 

© 

1- 

X 

X 

A 

2 

UJ  A 

2 

£ 

i- 

2 

-J 

© 

NH 

2 

2 

2 

fit 

ji 

h- 

■.Z 

2 

2 

z> 

ibC 

2 

2 

2 

O 

u 

© 

© 

A 

u 

A 

O  2 

U 

© 

K 

X 

-J 

© 

2 

2 

2 

H- 

\£. 

O 

o: 

UJ 

lc; 

o 

cc 

iX 

cc: 

CL 

a: 

2 

UJ 

© 

O 

o 

UJ 

U  © 

© 

O 

O 

o 

© 

►-« 

3 

2 

© 

u. 

© 

© 

u. 

© 

© 

© 

© 

© 

© 

© 

© 

© 

2 

3 

3 

A 

3 

u 

o: 

2 

£  © 

-) 

2 

£ 

2 

u 

© 

© 

2 

A 

A 

A 

C-l 

£ 

2 

2 

2 

A 

O 

o 

2 

2 

© 

2 

Cl 

2 

A 

2 

2 

2 

2 

2 

© 

Z 

Z 

A 

A 

2 

O 

2 

'O 

2 

2 

Z 

2 

2 

£ 

A 

2 

»>4 

£ 

2 

2 

2 

© 

2 

O 

A 

•-H 

2 

© 

2 

2 

rs 

A 

»-» 

© 

©  iC 

£ 

Z 

© 

2 

2 

2 

2 

O 

2 

£ 

2 

£  2 

3 

2 

2 

2 

X 

2 

2 

2 

2 

A 

2 

A 

0  2  2 

2 

O 

© 

X 

3 

z 

£ 

O 

-J 

3 

3 

U 

2 

2 

A 

2 

£ 

A 

2 

X  2  © 

2 

A 

A 

2 

2 

A 

2 

© 

2 

3 

") 

2 

O 

3 

2 

2 

© 

O 

2 

Ui  U  > 

2 

Z 

Z 

O 

2 

2 

2 

© 

2 

1 

2 

£ 

2 

© 

A 

2 

2 

2 

© 

:x 

u 

2 

2  © 

© 

U 

Z 

2 

© 

© 

o 

2 

O 

© 

2 

£ 

2 

© 

X 

© 

3 

O 

© 

2 

3 

© 

2 

»-« 

U 

2  £ 

•-« 

2 

2 

x 

3 

x 

2 

© 

2 

2 

2 

2 

A 

2 

X 

A 

2 

2 

2 

\n 

ro 

A 

3 

2 

2 

2 

© 

2 

3 

2  2 

A 

O 

2 

£ 

3 

2 

2 

2  O 

2 

X 

A 

tft 

r 

© 

2 

3 

2 

© 

£ 

2 

2 

2 

3 

X 

3 

© 

2 

A 

^  o  »- 

2 

O 

Z 

o 

O 

2 

2 

2 

NH 

iL 

£ 

© 

© 

© 

© 

2 

2 

O 

3  A 

A 

A 

A 

•-< 

A 

2 

O 

© 

© 

3 

O 

2 

©  O  © 

© 

3 

2 

2 

2 

2 

2 

2 

© 

© 

2 

3 

3 

“5 

C 

A 

A 

© 

2 

2 

C 

A 

2 

2 

2 

3 

2 

© 

£ 

2 

3 

2 

2 

© 

2  £  2 

© 

X 

2 

A 

A 

t5 

A 

£ 

3 

2 

© 

A 

VI  I  -  b 


BENBROOK  CLEAR  FORK  EWP  TX  52  69A.00  72A.OO  88  170 
JOE  POOL  nnUNTAIN  CREEK  FUI'  TX  86  522.00  5X6,00  1A3  123 
RAY  ROBERTS  ELM  FORK  FUD  TX  87  632.50  640.50  749  260 
LEWISVILLE  ELM  FORK  F UIi  IX  54  515.00  532.00  465  525 
GRAPEVINE  HENTON  CR  FUH  TX  52  535.00  560.00  189  248 
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lULL  SMO»LS  LAKE _  OCT  NOV  DEC  JAN  FEB  NAR  APR  NAY  JUN  JUL  AUG  SEP  TOTAL 

InftoM  (1,000  AC.  FT.) 

Avg  1953  thru  1988  U3.9  274.2  390.5  306.2  332.3  526.2  562.0  554.)  336.5  364.0  200.4  156.7  4147.0 

WY  1988  65.0  258.6  980.6  694.8  461.5  945.7  1098.9  297.6  155.6  168.9  233.8  145.1  5506.1 
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Pool  Elevation  (BCM)  4747.45  4747.55  4747.53  4747.46  4747.59  4747.58  4747.86  4747.51  4745.12  4743.65  4743.55  4738.23 

MaxinuB  4747.51  4747.55  4747.55  4747.59  4747.59  4747.62  4747.86  4748.02  4748.34  4744.47  4746.03  4743.64 

MininuB  4747.40  4747.45  4747.45  4747.46  4747.46  4747.58  4747.59  4747.51  4745.12  4742.38  4743.55  4738.23 

IVx)l  Content  (BCM) 

(1000  Ac-Ft)  111.36  111.75  111.67  111.40  111.91  111.87  112.98  111.60  102.44  97.06  %.70  78.82 
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SECTION  VIII  -  MINUTES  OF  THE  ARKANSAS  RIVER  COORDINATING  COMMITTEE 
MEETING  AND  THE  ANNUAL  RESERVOIR  CONTROL  CENTER  MEETING 

1.  RESERVOIR  CONTROL  CENTER 

2.  ARKANSAS  RIVER  BASIN 


MINUTES 


1988  ANNUAL  RESERVOIR  CONTROL  CENTER  MEETING 
SOUTHWESTERN  DIVISION 
CORPS  OF  ENGINEERS 
16  and  17  NOVEMBER  1988 

I.  I NTRODUCT I ON  AND  REMARKS .  The  1988  Annual  Reservoir  Control 
Center  (RCC)  meeting  was  held  on  16  and  17  November  1988,  in  the 
Southwestern  Division  (SWD)  office,  Dallas,  Texas.  Mr.  Charles 
Sullivan,  Chief  of  the  RCC  started  the  meeting  by  asking  each 
attendee  to  introduce  themselves,  to  include  the  number  of  years 
involved  in  Reservoir  Control.  The  agenda  and  attendance  list 
are  enclosed  as  attachments  1  and  2,  respectively. 

II.  DISTRICT  status  REPORTS . 

a-  TULSA  DISTRICT .  Mr.  Ross  Copley  reported  flows  on  the 
Arkansas  River  were  moderate  at  the  start  of  this  year,  but 
became  progressively  dry  with  time.  Unable  to  provide  water  to 
sustain  flows  for  navigation  tapers.  The  first  navigation 
emergency  was  declared  by  the  Division  Commander.  The 
declaration  allowed  the  use  of  some  conservation  storage  in  Kaw, 
Keystone,  Oologah,  Hulah,  Copan,  Tenkiller,  and  Eufaula  tC) 
provide  flows  to  keep  the  navigation  system  open  until 

maintenance  dredging  could  be  completed. 

Flows  in  the  Red  River  Basin  ranged  from  140  percent  of 
normal  in  the  upper  basin  to  about  50  percent  of  normal  below 
Lake  Texoma.  No  major  floods  occurred;  but,  did  experience  some 
isolated  events.  These  isolated  floods  resulted  in  high  pool 
levels  in  Hugo  and  Broken  Bow  Lakes.  McGee  Creek  Reservoir 
(Section  7  project)  filled  for  the  first  time  in  February  88. 

Significant  progress  was  made  on  the  development  of  water 
control  manuals  for  Keystone  and  Toronto  Lakes.  First  draft 
Drought  Contingency  Plans  (DCP)  were  submitted  for  priority  river 
basins  in  September.  The  District  plans  to  contract  out  works  on 
several  future  DCPs .  Funds  for  contract  work  are  currently 
available.  Also,  the  District  plans  to  contract  some  work  on 
water  control  manuals. 

Mr.  Carroll  Scoggins  also  reported  for  the  Tulsa  District. 
His  discussion  centered  on  benefits  that  can  be  gained  from  major 
flood  events.  The  October  1986  flooding  in  the  Arkansas  River 
has  enabled  the  District  to  obtain  funds  to  purchase  additional 
hydrologic  equipment,  improve  stream  gaging  equipment,  i.e., 
replace  gages  on  bridges  with  gages  at  higher  ground  locations, 
install  DCPs,  install  staff  gages,  rain  gages,  etc.,  at  critical 
station  locations.  Also,  provided  funds  to  have  USGS  to  extend 
rating  curves  to  include  higher  flows.  Carroll  showed  slides  of 
some  of  the  equipment  which  has  been  installed  at  key  stations. 


b.  FORT  WORTH  DISTRICT.  The  District  installed  12  gages  in 


the  Upper  Trinity  River  Basin  for  model  tests  and  development. 
The  network  is  working  well  as  reported  by  Mr.  Arnold  Escobar. 
Seven  of  the  24  projects  were  visted  by  Water  Management 
personnel  during  the  year.  More  projects  will  be  visited  after 
the  Reservoir  Control  section  is  realigned.  The  realignment  will 
provide  for  more  project  regulators;  therefore,  more  personnel 
for  project  visitation.  Fourteen  out  of  the  District’s  24 
projects  stored  water  in  their  flood  pools.  However,  by  mid-May 
many  parts  of  the  state  of  Texas  were  experiencing  well  below 
normal  rainfall  and  by  the  end  of  September  the  annual  rainfall 
ranged  from  68  percent  of  normal  in  the  eastern  part  of  the  state 
to  about  75  percent  of  normal  in  the  Panhandle.  In  July  the 
District  began  Drought  Contingency  Plan  Development  for  their 
projects  on  a  basin  or  sub-basin  concept.  The  plans  are 
scheduled  to  be  completed  in  1990. 

Mr.  Escobar  reported  that  the  non-Federal  hydropower 
activities  for  the  past  year  consisted  of  the  following; 

On  18  Nov  87,  Canyon  Lake  was  lowered  eight  feet  below  the 
conservation  pool  and  the  gates  closed  in  order  that  relining  of 
the  flood  control  conduit  could  be  started.  In  Sep  86  the 
District  inspected  the  hydropower  facility  and  the  pressurization 
testing  of  the  conduit  and  bypass  system  is  scheduled  for  Oct  and 
Nov  1988. 

Construction  of  the  non-Federal  facility  at  Town  Bluff  Dam 
continued  during  the  past  year  and  the  completion  date  is 
scheduled  in  April  1989. 

License  applications  are  under  review  for  Lewisville,  Ray 
Roberts.  Wright  Patman,  and  Lake  0’  The  Pines. 

Water  quality  reports  for  15  of  the  24  projects  have  been 
prepared  and  submitted  to  SWD.  These  studies  have  not  surfaced 
any  major  water  quality  problems.  Completed  sediment  resurvey 
report  in  Oct  88  for  Stillhouse  Hollow.  No  funding  for  sediment 
surveys  for  FY  89.  FY  88  flood  damages  prevented  by  Corps 
projects  exceded  $6  million.  Arnold  stated  that  the  Ground 
Receive  Station  (GRS)  equipment  was  transferred  to  the  USGS  in 
Sep  88.  The  transfer  is  a  part  of  the  memorandum  of  Agreement 
between  the  Corps  and  the  USGS  for  the  USGS  to  provide  operation 
and  maintenance  for  the  GRS.  In  July  88,  sixteen  employees  took 
a  course  titled  "Flood  Forecasting:  which  was  presented  by  HEC 
personnel.  Contract  work  during  the  year  included  the  completion 
of  modeling  for  Brazos  and  Trinity  River  Basins  by  the  SWT. 
Through  an  A-E  contract  portions  of  water  control  manuals  were 
completed  for  Navarro  Mills,  Bardwell,  and  the  Trinity  River 
Basin  master  manuals.  Arnold  concluded  his  report  by  sharing 
information  with  the  group  concerning  the  project  manager’s 
capability  to  remotely  operate  the  flood  gates  at  Georgetown 
Lake.  This  raised  concerns  for  the  security  of  such  operations, 
i.e.,  access  to  the  controls  by  unauthorized  personnel. 
Questions  were  also  asked  as  to  whether  engineering  had  been 
involved  in  making  such  decisions.  Dick  Kreiner  of  the 
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Albuqiaerque  District  stated  that  their  Abiqui  project  had  been 
automated;  however,  the  automation  equipment  has  been  abandoned 
due  to  the  technical  requirements  for  maintaining  the  operations . 
Mr.  Sullivan  requested  that  each  District  investigate  activities 
concerning  the  automation  of  flood  gate  operation  and  prov’ide 
feedback  through  their  Branch  Chiefs  to  SWDO. 

c.  LITTLE  ROCK  DISTRICT .  Mr.  Jim  Proctor  reported  for  the 
Little  Rock  District.  He  said  the  District  experienced  extreme 
conditions  during  the  year,  above  normal  rainfall  in  the  early 
winter  months  and  below  average  amounts  during  most  of  the  summer 
months.  Drought  conditions  were  experienced  in  the  spring  and 
summer  months;  however,  overall  conditions  were  not  as  severe  as 
published.  Problems  were  experienced  in  navigation  due  to  low 
flows  on  the  Mississippi  Riover  and  large  volumes  of  material 
were  dredged  in  order  to  maintain  navigation  depths.  Had  as  many 
as  5  dredges  working  in  the  10  mile  entrance  channel  at  one  time 
during  the  summer. 

The  District  requested  27  deviations  during  the  past  year. 
These  deviations  were  required  for  shoaling  problems  along  the 
Arkansas,  hydropower,  recreation,  assist  upstream  District, 
project  maintenance,  fisheries,  farming  and  drowning.  Other 
items  of  interest  include: 


Beaver  Dam  cut-off  wall  for  seepage  control.  Bids  are 
being  taken  with  the  target  to  begin  construction  in  April  1989. 

Clearwater  seepage  control  and  spillway  widening  witii  a 
parapet  wall  across  dam.  Construction  is  approximately  60 
percent  complete. 


Wliite  River  entrance  channel  problems.  Possible  solution 
is  to  construct  an  additional  L&D  near  the  mouth  to  overcome  low 
stages  on  the  Mississippi.  A  justification  report  is  scheduled 
to  be  submitted  to  higher  authority  in  September  1990. 

-  Non-Federal  hydropower.  Construction  of  power  plants  at 
L&D  No.  13  and  L&D  No.  7  is  nearing  completion.  Experiencing 
good  coordination  with  L&D  No.  13;  however,  not  true  at  L&D  No. 
7.  Jim  recommends  that  these  plants  be  automated  so  that 
the  District  can  get  data  on  a  real-time  basis. 


d.  GALVESTON  DISTRICT .  The  District  experienced  dry 
conditions  for  the  entire  year  without  flow  into  Addicks  and 
Barker  reservoirs  as  reported  by  Mr.  Charles  Scheffler.  There 
were  no  sediment  or  water  quality  activities  during  the  past 
year  because  of  the  dry  conditions.  Hurricane  Gilbert  did  not 
produce  the  rainfall  as  expected.  However,  the  District  went 
into  emergency  operations  where  most  of  Corps  personnel  were 
evacuated.  No  problems  with  the  USGS  maintenance  contract  for 
maintaining  data  collection  platforms  (DCP).  Some  statons  were 
vandalized.  Work  was  continued  on  the  hydrologic  network,  i.e., 
installation  of  DCPs. 
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e.  ALBUQUERQUE  DISTRICT .  Mi'.  Dick  Kreiner  reported  eleven 
projects  were  visited  by  reservoir  regulation  personnel . 
Watersheds  within  the  District  received  well  below  normal 
snowmelt  runoff. 

Construction  of  the  Abiquiu  non-Federal  hydropower  project 
continued  in  1988.  The  flood  control  conduit  was  closed  from  Dec 
87  through  Feb  88  to  allow  for  the  installation  of  a  steel  liner 
in  the  conduit.  While  the  liner  was  being  installed,  50  cfs  was 
pumped  over  the  dam  to  meet  downstream  needs.  The  Plenum  chamber 
installation  will  start  in  mid-Nov  88  and  continue  through  Feb 
89.  The  Bureau  of  Reclamation  tested  the  automatic  operation  of 
the  spillway  gates  at  Sumner  Dam  (Section  7)  where  the  reservoir 
regulation  personnel  participated.  The  gates  open  automatically 
when  60  percent  of  the  flood  storage  is  utilized  which  result  iii 
large  increased  releases.  The  test  showed  that  the  gates  open 
very  rapidly;  therefore,  every  effort  will  be  made  to  limit  tVr- 
pool  elevation  from  this  range.  On  6  Sep  88  the  Bureau  began 
initial  filling  of  the  newly  completed  Brantley  Dam  (Section  7). 
The  primary  purpose  of  the  darn  is  for  dam  safety.  Dam  safety 
evaluations  for  McMillan  and  Avalon  dams  showed  that  they  had 
inadquate  spillway  capacities.  The  old  McMillan  dam  will  be 
contained  within  the  reservoir  area  of  Prantley  and  the  dam  will 
be  breached  in  1989.  Avalon  is  below  Brantley  and  will  be  used 
primarily  as  a  diversion  structure. 

The  Rio  Grande  reevaluation  study  was  started  during  the  past 
year.  The  2-year  study,  as  authorized  by  Congress,  directed  the 
Corps  to  take  the  lead  in  evaluating  the  operation  of  Federal 
reservoirs  in  the  Rio  Grande  basin  above  Ft.  Quitman,  Texas.  The 
study  will  identify  opportunities  to  provide  flood  protection  and 
additional  beneficial  use  of  available  water.  The  final  report  i.s 
scheduled  for  completion  in  FY  89. 

III.  SOUTHWESTERN  DIVISION  LAB^  WATER  QUALITY  ANALYSES .  Mr. 
William  Tanner,  Director  of  the  Lab  briefed  the  group  on 
functions  and  activities  of  the  Lab,  i.e.,  testing  of  soil.s, 
concrete,  environmental,  etc.  He  stated,  however,  his  specific 
reason  for  attending  the  meeting  was  to  solicit  help  in  the  area 
of  water  quality  testing.  Would  like  to  have  the  Districts  to 
have  their  water  quality  testing  done  through  the  Lab.  Mr. 
Tanner  explained  that  they  were  equipped  to  do  the  analyses  and 
could  do  them  at  competitive  prices.  At  this  point  he  introduced 
Ms.  Cathy  Hutchins.  Chief  of  the  Environmental  Section.  She 
reiterated  the  Lab’s  capability  of  providing  service  in  water 
quality  testing.  The  Lab  is  capable  of  doing  all  metal  tests  in- 
house  with  some  work  being  contracted  out.  Also,  has  storage 
capacity  with  the  necessary  equipment  to  do  the  complete 
analyses.  Also,  can  do  BOD,  but,  recommends  that  these  analyses 
be  done  on  site.  At  the  end  of  the  presentation.  Mr.  Sullivan 
encouraged  the  District  representatives  to  consider  using  the  Lai 
if  costs  are  competitive  and  if  same  results  are  the  same  as 
current  analyses.  Mr.  Tanner  added  that  costs  are  negotiable. 
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IV.  NEXRAD  UPDATE .  NEXRAD  is  the  next  genei'ation  of  radar 
systems  as  stated  by  Mr.  Clinton  Word.  The  system  is  fully 
automated.  Tlie  first  stage  of  development  will  not  include  all 
features,  such  a  precipitation  stations.  The  second  stage  which 
is  expected  to  be  complete  in  early  1989  will  include 
precipitation  stations.  Water  control  activities  should  be 
enhanced  by  the  use  of  NEXRAD  because  of  its  ability  to  measure 
spatically  and  it  provides  ground  truth  of  rainfall 
Precipitation  measurements  will  be  received  every  5  minutes  and 
volumes  every  hour.  Currently  the  accuracy  of  the  system  is 
being  questioned;  however,  the  system  has  great  potential 
expecially  with  the  ongoing  development.  In  order  to  make  the 
system  work,  support  is  needed  from  all.  In  closing,  Mr.  Word 
stated  that  a  prototype  should  be  up  within  the  next  year.  Mr. 
Carrol  Scoggins  continued  the  discussion  on  the  NEXRAD  by 
reinforcing  the  need  for  support  of  the  system.  He  said  support 
is  being  sought  through  states,  universities,  etc.  At  this 
point,  support  is  good.  The  District’s  data  collection  platforms 
(DCP)  are  expected  to  be  included  in  the  Rainfall  Network.  Need 
HEC  and  WES  types  involved  to  assist  in  developing  both  hardware 
and  software.  The  Air  Weather  Service  is  the  key  element  in 
design  of  the  system  and  solicits  the  Corps’  involvement. 
Carroll  also  requested  the  SWDO  to  emphasize  the  system  to  HEC  so 
that  they  may  get  involved  in  developing  software. 

V.  BACK-UP  PROCEDURES -WATER  CONTROL  DATA  SYSTEM. 

a.  General :  Mr.  John  Parks  began  his  discussion  by  defining 
the  WCDS  and  stressed  it  did  not  only  consist  of  a  computer  but 
consists  of  other  key  elements,  i.e.,  DCPs,  software,  etc.  John 
commended  the  group  for  their  inpvit  into  developing  the  system. 
The  SWDO  WCDS  is  equal  to  any  system  in  the  country;  however, 
we  need  to  stay  on  top  of  things  to  stay  ahead. 

h .  COOP  Status : 

( 1 )  System  Plan  -  Complete 

(a)  Data  Acquisition  Procedures  -  was  not  included  in 
plan,  but  is  needed  for  back-up  system. 

(b)  Data  Base  and  Software  -  the  data  base  is  to  handle 
all  data  within  SWD;  however,  all  of  the  software  is  not 
complete . 

(c)  Equipment  -  Complete  except  for  the  Albuquerque  and 
Galveston  Districts. 

(2)  Local  Plans  ( Appendix  to  Plan)  -  Local  plans  should 
consist  of  notification  procedures,  procedures  for  bringing  the 
system  up  and  procedures  for  relocating. 

c.  I mp 1 emen t a t i on  and  Testing  of  COOP  -  The  plan  has  not 
been  tested.  At  this  point,  a  test  is  expected  to  surface  some 
holes  in  the  system. 
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At  the  end  of  John’s  presentation,  a  general  discussion  took 
place  concerning  the  use  of  data  bases  (DBS  vs  Total).  After 
lengthy  debates  and  no  agreement  as  to  what  data  base  would  be 
used  in  SWDO,  and  without  an  agreement  on  data  base  selection, 

SWDO  requested  that  the  COOP  plan  be  revised  to  reflect  the 

preferred  data  base. 

VI.  WATER  CONTROL  MANUALS  AND  SCHEDULES .  Mr.  Charles  Sullivan 

said  this  year’s  request  for  manual  schedules  asked  for  more 

details  than  in  past  years.  SWDO  will  be  doing  a  more  thorough 
review  of  schedules  and  will  provide  each  District  feedback  on 
their  schedules.  Projection  for  manual  schedule.5  has  been 
extended  from  three  years  to  five  years.  The  Chief  of 
Engineering  Division,  SWDO,  places  water  control  manual 
development  as  second  highest  priority  in  SWDO. 

VII.  SWDO  IDALLAS  SITE!  DATA  BASE  DEFICIENCY.  Mr.  John  Parks 
gave  a  brief  summary  of  deficiencies  of  Dalla.s  site  in  the 
following  areas: 

a.  Goes  Data  Retrieval  -  back-up  system. 

b.  Pertinent  Data  Files  -  Need  updating  by  districts.  A 
tool  to  do  the  updating  is  a  program  names  "PERT",  which  extracts 
pertinent  data  from  data  base. 

c.  Maintenance  of  the  MCF  Files  -  currently  being  updated  by 
SWDO. 

d-  Error  Checking  -  Set  extreme  units  in  MCF  to  kick  out 
obvious  bad  data;  however,  this  procedure  will  not  eliminate  all 
errors . 

VIII.  WATER  MANAGEMENT  BUDGET .  From  a  series  of  slides  and 
handouts,  Mr.  John  Parks  discussed  some  of  the  past  year’s 
budgeting  activities.  A  serious  error  was  made  during  the 
budget  review,  Engineering  at  SWDO  was  not  given  the  opportunity 
for  budget  review.  Consequently,  SWD-ED  was  unable  to  defend 
activities  related  to  water  control.  It  is  necessary  that  SWD-ED 
be  representated  to  answer  questions  concerning  level  of  funding 
of  water  control  manuals,  i.e.,  plan  development  may  be  in  levels 
1  and  2,  but  manual  documentation  is  in  a  lower  level. 

IX.  DROUGHT  CONTINGENCY  PLAN  DEVELOPMENT .  Mr.  Ralph  Garland 
gave  an  update  on  plan  development.  The  18  and  19  October  1988, 
meeting  allowed  for  ajoint  review  of  first  draft  DCPs  along  with 
concurrent  review  of  the  "SWD  Framework".  The  DCPs  were  reviewed 
mainly  for  consistency  in  format  and  content.  Upon  completion  of 
DCP  reviews,  it  became  obvious  that  major  inconsistencies  existed 
from  District  to  District  even  between  reports  developed  within 
the  same  District.  Therefore,  the  committee  made  the  decision  to 
revise  the  framework  in  order  to  achieve  the  consistency  in  all 
reports.  Revisions  consisted  of: 
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-  Standardizing  the  table  of  content. 

-  Standardizing  paragraph  1  "Purpose  of  Document". 

-  Require  tlie  use  of  drought  severity  index  as  puVjlislied  by 
NOAA/USDA . 

-  Editorial  changes  throughout  the  framework.  The  framework 
would  be  revised  by  SWDO  with  above  changes  and  provided  to  the 
Districts  for  continuing  development  of  their  DCFs. 

X.  AFQS  data  exchange .  Mr.  John  Parks  stated  that  the  VUENWS 
current  capabilities  include  graphics  enhancements  that  have  been 
made  over  the  last  two  years.  Nineteen  to  20  product.s  have  been 
selected  for  use;  however,  there  are  still  some  problems  with  the 
RFC  in  Tulsa,  OIL  The  product  index  file  should  contain  the  same 
products  for  all  sites.  The  Dallas  site  file  has  been  completed. 

XI.  water  control  pc  FIELD  GROUP  MEETING^  The  purpose  of  the 
meeting  was  to  discuss  the  life  of  the  Harris  system  as  stated  by 
Mr.  John  Parks.  The  expected  life  of  the  system  is  through  1992. 
Majority  of  the  discussions  centered  around  the  pros  and  cons  of 
the  Harris  system,  i.e.,  if  the  system  is  small  then  PCs  would  be 
adequate;  however,  if  a  large  system,  then  will  need  something 
larger.  One  of  the  concerns  for  the  Harris  is  because  of  Harris’ 
nonsupport  for  the  existing  systems.  Some  of  the  recommendations 
were  to  have  a  system  of  PCS  or  the  Unix.  No  solutions  were 
arrived  at  this  meeting.  The  next  meeting  agenda  will  contain  an 
item  to  analyze  the  Corps  wide  contract  to  determine  its  needs 
and  also  analyze  its  communications  network. 

XII.  NESPIS  pcs  AUTOMATIC  PROCESSING  SYSTEM  IPAPSl^  Mr.  .John 
Parks  stated  that  the  current  status  of  the  system  is  that  tJie 
NEDIS  has  a  contract  to  update  the  system.  The  updated  systeni 
should  be  in  place  by  July  1989.  Enchancements  to  the  system  by 
the  Corps  are:  (i)  GOES  demodulators  have  been  deleted  and,  fii) 
DOMSAT  will  probably  be  used.  Jolin  asked  that  each  District 
should  assure  that  they  are  receiving  minutes  of  the  TWG 
meetings.  These  are  important  because  they  contain  current 
system  changes. 

XIII.  OTHER  TOPICS .  Mr.  Charles  Sullivan  reported  on  these 
topics : 

a-  Ground  Receive  Station  ( GRS ) .  The  back-up  to  the  GRS 
should  be  in  place  as  soon  as  possible.  It  should  take  about 
3-1/2  weeks  to  do  the  software.  The  Fort  Worth  District  is 
expected  to  provide  a  person  to  SWDO  to  complete  the  job. 

b .  Meteorologist  Position  in  SWDO  Water  Management  Branch  - 
Mr.  Sullivan  informed  the  group  as  to  when  the  person  would  be 
entering  on  duty  and  discussed  some  of  the  job  duties.  He  asked 
for  suggestions  as  to  what  jobs  the  meteorologist  could  do  for 
the  Districts.  NEXRAD  will  be  one  of  the  major  duties. 


c.  Harris  Support  f or  Total  Database  -  Harris’  support  will 
be  through  March  1993.  The  cost  for  t}ie  maintenaiice  is 
questionable  at  this  time;  however,  his  feelings  are  that  we  vjill 
not  have  to  pay  for  tlie  maintenance. 

XIV.  SUMMARY .  The  following  is  a  list  of  items  discussed  by  the 
group  in  closing  the  meeting: 

-  Why  not  have  the  annual  RCC  meeting  in  District  offices? 
The  Albuquerque  District  is  recommended  for  the  next  year’s 
meeting  place.  Some  of  the  advantages  of  having  the  meeting  in 
the  District  are  involvement  of  District  staff,  see  projects  that 
may  have  interest  to  all,  etc. 

-  Task  group  for  the  COOP  plan  should  meet  and  make  necessary 
revisions  within  the  next  two  weeks. 
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AGENDA 

1988  RCC  ANNUAL  MEETING 
SOUTHWESTERN  DIVISION 
CORPS  OF  ENGINEERS 

16-17  NOV  88 


Ist  Day 


1000 


I. 

II. 

III. 

IV. 

V. 


VI  . 
VII. 
VIII. 


INTRODUCTION  &  REMARKS 
DISTRICT  STATUS  REPORT 

SOUTHWESTERN  DIVISION  LAB,  WATER  QUALITY  ANALYSES 
NEXRAD  UPDATE 

BACK-UP  PROCEDURES  -  WATER  CONTROL  DATA  SYSTEM 

A.  GENERAL 

B.  COOP  STATUS: 

1.  SYSTEM  PLAN 

a.  DATA  ACQUISITION  PROCEDURES 

b.  DATA  BASE  AND  SOFTWARE 

c.  EQUIPMENT 

2.  LOCAL  PLANS  (APPENDIX  TO  SYSTEM  PLAN) 

C.  IMPLEMENTATION  AND  TESTING  OF  COOP 
WATER  CONTROL  MANUALS  AND  SCHEDULES. 

SWDO  (DALLAS  SITE)  DATA  BASE  DEFICIENCY 
WATER  MANAGEMENT  BUDGET 


2ND  DAY 


AGENDA 
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MINUTES 


Arkansas  River  Basin  Coordinating  Committee  Meeting 
1114  Commerce  Street,  Dallas,  Texas 
6  June  1988 


1.  Tlie  Arkansas  River  Basin  Coordinating  Committee  meeting  was 
held  in  the  Southwestern  Division  office.  Corps  of  Engineers. 
Dallas,  Texas  on  6  June  1988.  A  copy  of  the  agenda  is  attached 
as  enclosure  1.  The  meeting  was  attended  by  55  people,  which 
included  16  of  22  Committee  members  and  39  invited  guests.  A 
copy  of  the  attendance  list  is  attached  as  enclosure  2. 

2.  Brigadier  General  Robert  C.  Lee,  Division  Engineer, 
Southwestern  Division,  Corps  of  Engineers,  and  chairman  of  the 
committee,  opeiied  the  meeting  at  10:00  o’clock  a.m.,  welcomed  the 
group  to  the  2nd  meeting  of  the  reconstituted  Arkansas  Rivet- 
Basin  Coordinating  Committee,  and  introduced  the  attendees. 

He  briefly  reviewed  the  background  that  led  to  the  formation 
of  the  original  Arkansas  River  Basin  Coordinating  Committee  and 
the  reconstitution  of  the  present  committee  consisting  of  state 
and  federal  representatives  concerned  with  the  many  uses  within 
the  basin.  He  pointed  out  that  the  committee  serves  as  an 
advisory  committee  to  the  Corps  of  Engineers  in  the  development 
of  operating  plans  for  tlie  System.  A  copy  of  the  opening  remarks 
is  attached  as  enclosure  3. 

EG  Lee  stated  that  the  purpose  of  the  meeting  and  the  report, 
were  displayed  on  the  screen  (see  enclosure  4  for  a  copy  of  the 
screen  display ) . 

3.  David  Burrough,  Chief,  Planning  Division,  Little  Rock 
District  presented  a  review  of  the  Arkansas  River  Basin,  AR  and 
OK,  Feasibility  Study,  Operational  Plans  Review  Draft  Rej-c  rt  , 
which  is  sponsored  through  the  joint  efforts  of  the  st.aLes  of 
Oklahoma  and  Arkansa.?  and  the  Corps  of  Engineers.  A  copy  of  Mr 
Burrough’ s  presentation  is  attached  as  enclosure  5. 

4.  Mr.  Ross  Copley,  Chief,  Reservoir  Control  Section  Tulsa 
District  Corps  of  Engineers  presented  a  review  of  the  1987 
through  spring  1988  operations  in  the  Arkansas  River  Basin  Sys-tem 
above  Ft.  Smith  Arkansas.  A  copy  of  Mr  Copley’s  presentation  is 
attached  as  enclosure  6. 

5.  Mr.  Bob  Schroeder,  of  the  Reservoir  Control  Center,  hift.le 
Rock  District  presented  a  review  of  the  1987  through  spring  1988 
operations  in  the  Arkansas  Basin  below  Ft.  Smith,  AR.  A  copy  of 
Mr  Schroeder’ s  presentation  is  attached  as  enclosure  7. 

6.  Following  these  presentations,  committee  members  were  given 
the  opportunity  to  address  the  group.  Those  committee  members 
pjresent  made  remarks  appropriate  to  their  area.s  of  interest  and 


expertise.  A  summary  of  these  remarks  are  as  follows: 

a.  Ed  Lindsey,  Southwestern  Power  Administration  stated 
that  he  supports  Plan  C,  with  reservation  and  thinks  the 

taper  should  stop  at  the  top  of  conservation  pool.  He  tliinks  the 
study  should  consider  the  use  of  noncontracted  storage  in  non¬ 
power  reservoirs  first.  Tlie  reallocation  of  uncontracted  storage 
should  also  be  considered.  He  thinks  water  may  be  needed  for 
possible  drought  conditions. 

b.  Chuck  Thomas,  Oklahoma  Soil  Conservation  Service,  stated 
that  plan  C  appears  to  approach  a  reasonable  balance.  However, 
other  alternatives  should  be  pursued  in  the  feasibility  report. 

c.  Bob  Price,  Ark  Soil  Conservation  Service,  said  the  use  of 
the  Arkansas  River  water  for  irrigation  should  be  studied,  and 
that  we  should  look  at  the  high  salt  content.  He  also  presented 
a  brief  report  on  the  Arkansas  Valley  Irrigation  Project  and  the 
Plumb  Bayou  Watershed  Irrigation  Project.  This  report  is 
attached  as  enclosure  8. 

d.  Ed  Thompson,  Ark-Okla  Port  Operators  Association  stated 
that  he  favors  Plan  C. 

e.  D.r.  Jan  Dean,  Oklahoma  Fish  &  Wildlife  Commission,  itater; 
said  he  was  z-epresenting  Steve  Lewis  wVio  had  other  commitments. 

He  said  the  Operational  Plans  report  underestimates  fish  & 
wildlife  recreation  losses.  The  methodology  used  was  inadequate 
and  they  would  like  to  work  with  us  to  use  better  methodologi' . 
There  should  also  be  more  OklaVioma  and  U.  S.  Fish  and  Wildlife 
Conservation  Commission  input.  They  would  like  additic-nal  pool 
manipulations,  i.e.,  higher  for  spring  rises.  A  fishery  decline 
during  the  next  2-3  years  is  expected  due  tc<  the  navigation 
emergency.  A  written  report  containing  the  official  comments  was 
submitted  and  is  attached  as  enclosure  9. 

f.  Joel  Wentz,  Kansas  Water  Office,  stated  that  Kansas 
reservoirs  have  little  impact  on  the  lower  river.  However,  thej- 
are  very  critical  for  flood  control. 

g.  Jim  Barnett,  Oklahoma  Water  Resources  Board,  said  that 
more  concerns  need  to  be  addressed  in  the  final  report,  i.e. , 
refinement  of  the  method  of  estimating  dredging  costs,  improve 
estimating  of  recreation  impacts.  Also  a  better  method  of 
estimating  the  archaeological  impacts  and  shore  erosion  impacts 
is  needed.  A  written  statement  was  submitted  and  is  attached  as 
enclosure  10. 

h.  Randy  Young,  Ark  Soil  &  Water  Conservation.  Commission, 
stated  that  plan  C  is  good  to  maximize  benefits  and  maximize 
competing  uses.  The  Fine  Tuning  Plan  is  a  positive  step  and  the 
Corps  efforts  to  maximize  coordination  with  the  state  is 
appreciated.  He  said  water  supply  use  will  increase  in  Arkansas 
and  more  control  of  runoff  must  be  exercised  to  benefit  the  basiti 
as  a  whole.  A  written  summary  of  comments  was  submitt  ei]  and  is 


attached  as  enclosure  11. 


i.  Harvey  Bollinger,  RedArk  Development  Autliority ,  said 
the  draft  report  is  a  good  first  step.  However,  he  is  concerned 
that  we  are  emphasising  plans  A,  B  &  C.  He  said  that  we  must  focus 
on  other  alternatives,  including  modifications  to  improve  the 
system.  He  said  we  must  be  consistent  in  evaluation  among 
purposes  and  in  applications  of  authority.  Also  the  plan  needs 

to  deal  with  too  little  water,  not  just  too  much  water. 

j.  Glen  Cheatham,  Oklahoma  Department  of  Commerce  stated 
support  of  the  use  of  Plan  C  until  we  have  better  plan.  He 
supports  the  attempts  to  improve  the  reliability  of  the  system 
and  to  assure  that  all  purposes  are  served,  not  just  navigation. 

k.  Jim  Phillips,  Arkansas  Waterways  Commission,  commended  the 
work  done  and  supports  Plan  C.  He  would  like  to  see  development 

of  plans  D,  E,  F  giving  310,  320.  340,  or  even  365  navigation  days. 
Perhaps  this  is  not  possible,  but  we  should  strive  for  that. 

Need  to  recognize  that  75,000  cfs  at  Van  Buren  is  to  high.  A 
flow  of  65,000  cfs  at  Van  Buren,  not  75,000  cfs.  is  needed 
because  the  flow  increases  by  10,000  cfs  more  when  it  reaches  the 
end  of  the  system. 

l.  John  Pearson,  Port  of  Catoosa,  indicated  that  he  supports 
plan  C.  He  said  that  more  navigation  days  are  needed  but 
recognises  the  multi-purpose  use  of  the  system.  The  existence  of 
the  group  is  a  good  tool  wliere  all  interests  can  be  heard. 

7.  Mr.  Estus  Walker,  Cliief,  Water  Management  Branch, 

Southwestern  Division,  Corps  of  Engineers,  presented  a  brief 
review  of  the  conditions  which  made  the  recent  declaration  of  a 
navigation  emergency  necessary.  A  copy  of  Mr.  Walker’s 
presentation  is  attached  as  enclosure  12. 

8.  A  copy  of  the  Corps  legal  opinion  furnished  to  GAO  in 
response  to  GAO  legal  questions  incident  to  the  evaluation  of  the 
"Corps  of  Engineers  Operating  Plan  for  the  Arkan.sas  River  B.asin" 
was  made  .available  at  the  meeting.  A  copy  is  also  attached  a.s 
enclosure  15. 
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9.  Conclusions. 


a.  Brigadier  General  Lee  stated  that  the  advice  of  tlie 
committee  is  greatly  appreciated  and  that  we  should  move  ahead 
from  where  we  are  to  finish  the  feasibility  study.  He  told  the 
members  to  feel  free  to  contact  him  any  time. 

b.  The  next  meeting  was  tentatively  set  for  early  May 
1989. 

10.  Meeting  Adjourned  at  .3:00  p.m. 
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